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INTRODUCTION 
An emulsion may be defined as a mixture of two immiscible 
liquids, one of which is dispersed in the form of small drop­
lets or globules in the other. The liquid that forms the 
small droplets is called the dispersed phase, while the 
liquid in which the droplets are dispersed is called the 
continuous phase. The size of the dispersed phase droplets 
ranges from0.1 to 5.0 y in diameter (Forrest et al., 1975). 
The most common emulsions are either oil in water (0/W) or water 
in oil (W/0) emulsions. According to Sherman (1976), emulsions 
can be subdivided into three general categories; (1) classical 
emulsions, containing only oil or fat, an aqueous phase and 
an emulsifier, e.g. milk, cream and mayonnaise; (2) emulsions 
in which the emulsifier is not the only stabilizing factor, 
e.g. margarine and butter (W/0) in which the oil phase con­
tains extremely small fat crystals (or ice cream) , (0/W) which 
contains both fat and ice crystals; (3) products which exist 
as emulsions in the primary stage of manufacture but which 
subsequently alter their form, e.g., cake batter (W/0) and 
spray-dried emulsions (topping mixes and coffee lightener in 
powder form). They reconstitute as emulsions when they come 
into contact with the material for which they are intended. 
Food emulsions have been manufactured on an empirical 
basis for many years. The two general types of emulsions. 
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oil-in-water or water-in-oil (0/W, W/0), can be distinguished 
microscopically by using a fat stain and observing whether oil 
or water is the continuous phase. Another method, also via 
microscopy, is the mixing of one drop of emulsion with a 
drop of water on a slide to see whether the water blends with 
the emulsion as for 0/W, or does not blend with the emulsion 
as for W/0. Another method for determination of an emulsion 
as 0/W or W/0 is through conductivity measurement. An 0/W 
emulsion will conduct electrical current but W/0 emulsion will 
not (Saffle, 1968). 
Meat emulsions are of great value to the meat processing 
industry. It has been we11-documented by Hansen (1960), 
Swift et al. (1961) and Helmer and Saffle (1963) that the 
dispersed phase of a meat emulsion is the fat, the continuous 
phase is the water and the emulsifier is the soluble pro­
teins. So it is concurrent to the definition of a classical 
oil in water emulsion. The emulsification of fat by meat pro­
tein has been recognized as a major factor controlling the sta­
bility of sausage emulsion products. The soluble proteins form 
a film or layer around the fat particles. Industrial experi­
ence in meat manufacturing has indicated that many factors can 
influence the stability of meat emulsions during thermal 
processing and these factors account for production losses. 
Although there are written records of sausage as early as 
500 B.C., emulsion technology, as applied to sausage or 
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comminuted meat products, has been studied extensively only 
during the past two decades (Saffle, 1968; Webb, 1974). 
Swift et al. (1961) developed a model system to study meat 
emulsions and this development led to numerous investigations 
by many researchers concerning emulsifying capacity, emulsion 
stability, protein solubility and water-binding capacity in 
meat emulsions (Galluzzo and Regenstein, 1978a;b,c; H^q 
et al. 1973a,b; Acton and Saffle, 1972b; Morrison et al., 
1971; Webb et al., 1970, Inklaar and Fortuin, 1969; Townsend 
et al., 1968; Carpenter and Saffle, 1965; and Hegarty et al., 
1963) . 
As a result of these extensive research findings, many 
important chemical and physical conditions have been es­
tablished. They are of major importance in handling of meat 
materials and in the preparation of meat emulsions for the 
improvement of water holding capacity (WHC), emulsifying 
capacity (EC), emulsion stability (ES), and for developing the 
desired texture of the finished product. 
Mechanical separation of muscle tissue (mechanical de-
boning) from red meat or poultry, as the result of advances 
in emulsion technology, is receiving considerable attention 
at the present time, as an economical protein source for 
sausage formulae. Also, mechanical separation of undesirable 
muscle tissue, such as collagen from low grade meat material 
is of great interest for the improvement of quality. There are 
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many reports concerning such techniques published in the 
last decade (Froning et al., 1971; Gillett et al., 1976; 
Field et al., 1974,1975; McMillin, 1980). 
However, advances in sausage technology are continuous. 
The recent introduction of vacuum emulsification techniques 
by the sausage equipment manufacturers have included claims 
of a significant improvement in sausage quality. Yet, there 
are no scientific data to support such a claim. This raises 
questions of whether it will work in the laboratory on a 
theoretical level or if it is practical commercially. It 
is the objective of this study to provide fundamental in­
formation in the area of emulsifying capacity (EC) and 
I 
emulsion stability (ES) from a model system which will 
explain the effects of vacuum emulsification. Also, results 
from an actual sausage emulsion are compared to the initially 
studied model system. 
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REVIEW OF LITERATURE 
Meat Emulsions 
Meat emulsions are a two-phase system, with the dispersed 
phase consisting of either solid or liquid fat particles, and 
the continuous phase being water containing dissolved and sus­
pended salts and proteins. In commercial meat emulsions, at 
least some fat particles are larger than 50 y in diameter and, 
therefore, possess somewhat different characteristics from emul­
sions as classically defined (Forrest et al., 1975; and Webb, 
1974). Webb (1974) reported that when the homogenization 
of sausage ingredients is accomplished, other dispersion 
systems besides an emulsion are formed. Colloids, as well as 
dthpr dispersions, are bound in a complex which gives a charac­
teristic microstructure and a definite stability to the 
product. Thus, it may be difficult to apply all theoretical 
principles of a true emulsion to a meat emulsion system. 
When fat is in contact with water there is a high inter-
facial tension between the two phases and electrostatic 
repulsive forces tend to keep the droplets separated 
(Petrowski, 1976; Forrest et al,, 1975; and Webb, 1974). 
Webb (1974) stated that the forces between droplets deter­
mine the colloidal stability of the emulsion. In actual 
emulsions, both attractive and repulsive forces occur and 
the net result must be repulsion, when the fat globules approach 
6 
each other very closely, because otherwise the dispersed phase 
will coalesce .:ce and the system will not be stable. In 
order to form an emulsion, a given amount of shear force 
is necessary to create the dispersion of fat particles in 
the meat slurry, and an emulsifying agent, protein, must 
function to reduce interfacial tension. The reduction of 
such tension permits the formation of an emulsion with 
less energy input as well as increasing overall stability 
(Forrest et al., 1975; and Saffle, 1968). Friberg (1976) 
stated that about 90% of the energy used for emulsification 
is dissipated to counter viscosity. He stated further 
that protein has amphiphilic character and this causes a 
pronounced reduction of the interfacial tension which 
consequently reduces the free energy at the interface. This 
evidence was supported by the micrographs of Hansen (1960), 
Swift et al. (1961), Helmer and Saffle (1963), Meyer et al. 
(1964), Carpenter and Saffle (1964), Acton and Saffle 
(1972b) and Borchert et al. (1967). They showed that highly 
comminuted meat products appear structurally similar to 
classical oil in water emulsions, and the fat globules in 
the emulsions were covered with a protein film or membrane. 
These globules were always oval in shape and the globule 
membrane was highly disrupted after thermal processing. Also, 
after heat processing the protein of the continuous phase was 
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coagulated into dense, irregular zones. 
Schut (1978, 1976) explained the meat emulsion phenomenon 
as protein molecules associated with the boundary of a two-
phase system (e.g., an 0/W interface) and the protein 
molecule arranging itself in such a way that polar groups 
interact with the polar phase (water) and the nonpolar groups 
with the nonpolar phase (oil or fat), which results in 
lowering free energy. He described the external or continuous 
phase of meat emulsions as a matrix consisting of an aqueous 
solution of salts and proteins, which are present as either 
soluble or insoluble muscle fibers or connective tissue. 
So the continuous phase is in a simple liquid but a complex 
colloidal system. As a consequence of this arrangement, 
interfacial protein denaturation occurs and protein film 
arises. Brown and Toledo (1975) stated that stabilization 
of fat and water binding in comminuted meat batters appeared 
to have a more complex than a simple emulsification process. 
There was an inverse relationship between fat and water 
binding. Sausage batters appear to have characteristics 
similar to those of a sol which becomes a gel either upon 
standing or with increase in temperature (sol is a dispersion 
of a solid in discrete units in a dispersion medium. If the 
sol particles are linked together to form a structure with 
some mechanical strength the system is termed a gel). The 
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fat particles and/or micelles appear to be trapped in the 
sol-gel system (Brown, 1972). 
Model Systems 
Although meat emulsion production with commercial 
equipment has supplied some knowledge about the formation of 
meat emulsions and their stability, such equipment has some 
disadvantages for studying fundamental factors. There is 
a need to understand the function of meat proteins as 
emulsifying agents and the capacity of various types 
of meat to promote emulsion formation. Swift et al. 
(1961) introduced a model system to investigate the 
emulsifying capacity of various sausage^type meats and meat 
proteins, 
This first model system was composed of an omni-mixer 
and a pint jar. Oil was added to a meat protein extract 
solution in the jar by means of a separatory funnel and tygon 
tubing. Swift et al.(1961) found that the viscosity of the emul­
sion increased as oil was added and decreased suddenly when the 
emulsion system broke down. They expressed the "emulsifying 
capacity (EC)" as the total ml. of oil emulsified per 100 
mg. of soluble protein and the "emulsified volume" as the 
ml. of oil emulsified by the 15 ml. of protein solution. 
The phase volume of oil at which emulsion collapse occurred 
was determined by calculating the percent oil volume, i.e.. 
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ml. of added oil phase plus ml. of aqueous phase. As a 
consequence, the basic design of Swift's model system with 
various modifications has been used by many workers to 
determine the effect of variables on protein stabilized 
emulsions. 
Carpenter and Saffle (1964) reported that the amount 
of soluble protein in the original aliquot used, the speed 
of mixing, the final temperature of the emulsion, and the 
amount of oil initially added, each influenced the emulsi­
fying capacity of the soluble protein. They explained that 
the difference in the amount of starting oil (25, 50 ml.) 
was due, in part, to the temperature increase and final 
temperature of the emulsion resulting from longer mixing. 
Longer mixing time also promoted the formation of smaller 
particles which resulted in less oil emulsified with a given 
amount of soluble protein. They stated further that the rate 
of addition of oil did not affect the amount of oil emulsi­
fied. However, Swift et al. (1961) found a straight-line 
relation between the EC and rate of oil addition. Carpenter 
and Saffle (1964) reported that overloading the mixer at a 
very high rate of fat addition resulted in higher tempera­
tures at the break point of the emulsion. Crenwelge et al. 
(1974) concluded frqm Ifheir findings that the rate of oil 
addition has an effect on certain proteins while others are 
unaffected. Galluzzo and Regenstein (1978a) reported further 
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that the optimization of EC for the equipment used in their 
study was dependent on: temperature of the oil, rpm of 
mixing blade, oil addition rate and aqueous starting volume. 
Several methods for the determination of the EC as 
employed by Swift et al. (1961), Carpenter and Saffle (1964), 
Pearson et al. (1965), Borton et al. (1968), and Ivey et al. 
(1970) involve visual observation of an abrupt decrease in 
viscosity associated with emulsion inversion. Swift et al. 
(1961) stated that when an emulsion is formed and held until 
it finally collapses, the transition is marked by a gradual 
increase, followed by a sudden decrease in viscosity. However, 
they stated that this method required an experienced operator 
and was not applicable to low viscosity emulsions. Because 
of these difficulties, many other approaches have been modifi­
cations of this basic model in an attempt to improve the in­
version point observation. Marshall et al. (1975) mixed 0.3 
g/1 of Oil-Red-0 in the oil to assist the visibility of the 
coalesced droplets of oil. The transition point was observed, 
by a visual change of the emulsion from pale pink to a bright 
red. The comparison of endpoint determinations read with 
colored and noncolored oil showed that the use of colored oil 
was associated with significant reduction in the volume of oil 
required to produce emulsion collapse and with increased 
repeatability. Therefore, the addition of Oil-Red-0 makes the 
inversion point of an emulsion more definite, increases 
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visibility and reduces error inherent with non-colored oil. 
Several of the models employed by researchers as men­
tioned above were subjective determinations and many re­
searchers were concerned about this. So, objective models 
have been developed to measure EC in terms of viscosity 
(details will be discussed in the viscosity section) or 
conductivity properties by relating it to electrical 
resistance traits (Smith et al., 1973; Crenwelge et al., 
1974; Webb et al., 1970; Morrison et al., 1971; and Haq 
et al., 1973a,b). 
Application of electrolytic conductivity arises chiefly 
from its usefulness as a measure of ion concentrations in 
water solutions. Water itself is a very poor conductor. 
The conductivity of a water solution is almost exclusively 
due to a dissolved electrolyte rather than the water ions. 
So electrolytic conductivity is a measure of the ability of 
a solution to carry an electric current by the migration of 
ions under the influence of electric field. Conducting 
solutions in general are electrolytic conductors and obey 
Ohm's law (Considine, 1975; Willard et al., 1974). Simple 
two-part systems in which one part is conductive and the other 
nonconductive, such as water and oil, provide application 
for conductivity measurement. Oil-in-water and water-in-
oil may be distinguished by the fact that the former is 
conductive and the latter is essentially nonconductive 
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(Considine, 1975). 
In meat emulsions, the continuous (water/protein) phase 
has a high conductivity when compared to that of the dis­
continuous (lipid) phase (Webb et al., 1970). Becher 
(1965) demonstrated that the conductivity of an emulsion 
is proportional to the conductivity of the continuous phase, 
and the resistance is relatively low. At the saturation 
point, the addition of fat will cause the aggregation of 
fat droplets and the DC resistance will increase abruptly. 
Webb et al. (1970) monitored the resistance between two 
electrodes, separated by a fixed distance, in a forming 
emulsion and was able to detect the inversion point of a 
low viscosity emulsion. However, emulsions of low viscosity 
exhibit electro-phoretic properties which distort direct 
electrical current resistance determinations of the emulsion 
end-point. Also, emulsions of high viscosity tend to coat 
the electrodes and increase resistance (Haq et al., 1973a). 
The use of alternating current can eliminate the prob­
lems associated with the use of direct current evaluation 
of emulsion end-point as reported by Morrison et al. (1971). 
Emulsions with relatively high lipid content have 
lower AC conductivity than those with low lipid content, 
and the conductivity decreases sharply at the point where 
emulsion collapse occurs. The EC, as determined by electrical 
resistance has been reported by many workers to have a pre­
cision equivalent to the modified visual method. 
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Viscosity of the Emulsion 
Viscosity or consistency is an appearance property of 
great importance for food products. Liquids flow as if they 
are composed of individual layers. Friction results from 
the resistance to flow between the liquid layers or the 
resistance offered by a substance to deformation when sub­
jected to a shearing force. Kramer and Twigg (1970) stated 
that of two classifications of flow, Newtonian (where the 
viscosity does not change with a change in rate of shear) 
and-non-Newtonian (where viscosity changes with rate of shear), 
many emulsions are classified in the latter class as a pseudo-
plastic type, i.e., the apparent viscosity or consistency 
decreases as the rate of shear is increased. Kramer and 
Twigg (1970) explained the pseudoplastic type phenomenon as 
an elongated or capsular shaped particle in the emulsion 
tending to stand up and obstruct the movement of the fluid 
when subjected to flow. During this time, the viscosity 
will increase with increasing rate of shear. As the rate 
of shear is increased, the capsular particles tend to be­
come more spherical, reducing the resistance to flow or 
apparent viscosity. This evidence was supported by the 
electron micrographs of Borchert et al. (1967) which showed 
that the fat globules in the emulsion were covered with a 
protein film or membrane and were always oval in shape. 
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Becher (1957) showed that an increase in viscosity with 
increasing rate of shear was associated with a decreased 
particle size in emulsion systems. The increasing viscosity 
during emulsion formation caused a steady rise in an amperage 
requirement of the blender motor and the sudden drop in 
viscosity at inversion resulted in a sharp drop in amperage 
allowing a precise determination of the inversion point. 
This method was reported by Acton and Saffle (1972b) as an 
effective method for comparison of emulsifying capacity. 
They defined EC as the volume of oil required to reach the 
inversion point, expressed as a percentage of total emulsion 
volume (volume of protein solution plus oil added). This 
value was used for comparing the emulsification capacity 
of the proteins studied. Smith et al. (1973) and Crenwelge 
et al. (1974) employed a variable autotransformer and a 
microammeter to measure the change in amperage required to 
drive the blender motor used for forming the emulsion. In 
their studies, the amperage was visually monitored and a 
sudden decrease in amperage requirement was used as an 
indicator of the emulsion end-point. 
Emulsion Stability 
Measuring emulsifying capacity does not necessarily 
predict the stability of the emulsion during subsequent 
processing. Borton et al. (1968) stated that the emulsion 
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capacity and emulsion stability may not necessarily be 
related to each other. They reported that pork heart had a 
high emulsion capacity but poor emulsion stability. To 
differentiate these two terms more clearly, Hegarty et al. 
(1963) reported that sarcoplasmic protein had very low 
emulsifying capacity but could produce a very stable emul­
sion. So there may be a large difference between the emul­
sion capacity and emulsion stabilizing ability. Emulsifying 
capacity refers to the maximum amount of fat that a given 
amount of meat or meat protein could incorporate into an 
emulsion until it collapsed while emulsion stability refers 
to the durability of the emulsion for a period of time 
(Acton, 1974). 
Friberg (1976) stated that stabilization and floccu-
lation of a suspension with polymers was not only dependent 
on the interactions between polymer-groups and the surface 
of the particle but also on the polymer/polymer and polymer/ 
solvent interactions. He stated further that when two 
particles approach each other, interpénétration of segments 
from the different polymers occurs and a compression also 
takes place if the distance is sufficiently small. Such 
reactions will lead to higher free energy of the system 
and consequently decrease stability. 
Several methods of stability testing have attempted to 
simulate the stress encountered in processing such as cooking, 
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centrifugation, viscosity measurements, differential thermal 
analysis, nuclear magnetic resonance, electrical resistance 
and moisture homogeneity (Townsend, 1976). 
The stability of an emulsion is dependent on many 
factors, e.g. viscosity of the continuous phase, electric 
charge, adsorption of solid particles to the surface of the 
emulsified phase (lipoproteins, colloids and others), and 
the formation of the continuous phase due to the addition 
of emulsifying agents (Krog and Lawridsen, 1976). Swift 
et al. (1961) reported that the ability of meat to stabilize 
emulsions was at a maximum with optimal comminution of the 
lean tissue, followed by diluting the external (saline) 
phase. Ackerman et al. (1971) reported that fat tended to 
separate from frankfurters containing beef fat with particles 
of 200 y or more in diameter. In contrast, no specific 
degree of dispersion of particles 5 y or less in diameter 
consistently indicated emulsion stability, or its lack. 
In the size of the fat particles, however, a several 
thousand fold difference exists (from 0.1 to 200 y), and no 
data are available relating the extent of this variance in 
size to emulsion stability. 
The higher tha viscosity of the system, the more stable 
the emulsion will be. Schut (1976) related the particle size 
and viscosity to emulsion stability by referring to Stokes' 
Equation ; 
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^ rô~Ti 
where : 
V = rate of separation 
D = the diameter of the dispersed particles 
d and d. = the density of outer phase and inner phase, 
° ^ respectively 
g = the acceleration of gravity 
n = the viscosity 
He stated further that these general aspects explain in 
some way the formation and stability of an emulsion, but 
they scarcely give the whole picture and do not coincide 
in every respect with the most favorable conditions for meat 
emulsion production. According to Haq et al. (1973b), data 
on the viscosity showed a poor relationship to emulsion 
stability. However, they showed that at the break point 
of the emulsion, viscosity reading dropped sharply to a 
lower value. 
Besides viscosity behavior of the emulsion, there are 
other parameters that scientists have tried to relate to 
emulsion stability. Webb (1974) described the influence of 
interfacial film thickness and drop size upon emulsion 
stability. The cooked stability was related to the inter-
facial film thickness and droplet diameter ratio. He stated 
that there was a definite range in the ratio of film thickness 
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and droplet diameter where stability was at a maximum. 
As droplets were more widely dispersed, resulting in a high 
ratio of film to droplet diameter, the emulsion become 
unstable. When the ratio was too low, instability also 
occurred. These results suggest that the volume of fat that 
can be emulsified to give a high stability is dependent 
on the quantity of water in the emulsion. The addition of 
an increasing amount of water would increase stability. 
Morrison et al. (1971) reported a sharp drop in stability 
when less than 16% added water was used for fresh beef 
and less than 21% water was added to frozen meat, both with 
a 30% fat level. 
Hegarty et al. (1963) studied the emulsion stability 
of various proteins by observing the time that emulsions ten­
ded to separate in a graduate cylinder! Their data showed that 
myosin and actomyosin generally produced emulsions with 
superior stability; however, at the pH of normal fresh meat 
(5.6-5.8), the sarcoplasmic fraction produced the most 
stable emulsions. In partial disagreement, Galluzzo (1977), 
after emulsions were centrifuged to separate the aqueous 
phase and cream layer, found that the percent of proteins 
removed from an emulsion in the aqueous phase was greater for 
myosin, followed by actomyosin without ATP or pyrophosphate, 
actin and actomyosin with ATP or pyrophosphate. The amount 
of myosin in the aqueous phase increased with increasing rpm 
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of centrifugation and was accompanied by a decrease in the 
mean globule size. The regulatory proteins, tropomyosin and 
tropoponin, exhibited a behavior independent of actin and 
myosin. In the presence of ATP, troponin was more readily 
removed from the solution while tropomyosin always increased 
in the aqueous phase with respect to myosin during emulsifi-
cation regardless of the presence or absence of ATP. 
Schut (1978) stated that salt soluble protein (SSP) 
rather than water soluble protein (WSP) plays the decisive 
role in emulsion formation. This has been confirmed by an 
experiment where emulsions made of meat tissue from which 
WSP has been removed by extraction gave higher or at least 
the same stability compared to meat emulsions made from whole 
meat. He stated further that the water binding of meat as 
exerted by WSP was not important. Furthermore, certain 
fractions of SSP are found to be mainly actomyosin (in 
post-rigor meat), forming thick, dense protein layers around 
the fat particles and leaving the continuous phase enriched 
in nonconsumed protein fractions (WSP and R-fraction), which 
appear to have no gelling properties at heating. 
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Muscle Proteins 
One factor which can cause considerable confusion about 
the efficiency of various proteins in emulsions is the defi­
nition of salt-soluble (SSP) and water-soluble proteins 
(WSP). Most reports on meat emulsions use the term salt-
soluble protein (SSP) to mean those proteins which are 
salt-soluble plus that fraction of the water-soluble protein 
(WSP) which solubilizes in salt solutions; and the term WSP 
to include those proteins which are extractable with water 
plus that fraction of SSP which is also soluble in water 
(Saffle, 1968). 
A number of studies in the last decade in the area of 
Muscle Biology have classified salt-soluble protein into 
actin, myosin, actomyosin etc. and water soluble protein 
as myoglobin, enzymes, etc. Goll et al. (1977) gave a clear-
cut definition in protein classification as; Sarcoplasmic 
proteins (WSP), myofibrillar proteins (SSP) and stromal 
proteins. These three major classes were divided on the 
basis of their solubility in aqueous solvents. 
Sarcoplasmic proteins 
Sarcoplasmic proteins are defined as those proteins 
soluble at ionic strength of 0.1 or less at neutral pH. 
These constitute 30-35% of the total protein in skeletal 
muscle and slightly more than this in cardiac muscle. These 
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proteins contain at least 100-200 different proteins and 
are sometimes called myogen. Myoglobin, hemoglobin, and 
enzymes (especially glycolytic enzymes) are examples of 
sarcoplasmic proteins. 
Myofibrillar proteins 
Myofibrillar proteins represent those proteins that 
constitute the myofibril. These make up 52-56% of total 
protein in skeletal muscle but only 45-50% of total protein 
in cardiac muscle. Although high ionic strength (0.5 or 
0.6 M) is required to disrupt the myofibril, many of these 
proteins are soluble in water once they have been extracted 
from the myofibril. The best known of this type of pro­
tein are actin, myosin, actomyosin, tropomyosin, and 
troponin. 
Stroma proteins 
Stroma proteins are those proteins insoluble in neutral 
aqueous solvents. They constitute 10-15% of skeletal muscle 
protein and slightly more than this in cardiac muscle. They 
include lipoproteins, mucoproteins from cell membranes and 
surfaces as well as connective tissue proteins. Although 
exact percentage composition can vary widely, depending 
on source of the muscle, collagen frequently makes up 40-
60% of total stromal protein and elastin may make up 10-
20% of total stromal protein. 
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Experimenting under practical conditions with a bowl chopper 
and using post-rigor meat, Schut (1970, 1976, 1978) classified 
the muscle proteins in a different way. From various batches 
with different salt concentrations, he classified meat emul­
sion proteins in terms of WSP fraction, SSP fraction, K-
fraction and Residue (R) fraction, as they could be separated 
by centrifugation. WSP was the soluble protein separated 
by centrifuging the chopped meat with 0.02 M KCl. This 
fraction is almost identical with the sarcoplasmic proteins. 
After the separation of WSP the residue was chopped with 
NaCl followed by dilution and centrifugation, and three 
distinctive layers were separated. SSP was on the top layer 
followed by a layer of swollen, granular protein fraction 
which was designated as K-fraction, and a residue (Refrac­
tion) was at the bottom. SSP was the protein insoluble in 
0.02 M KCl but soluble in 0.5 M NaCl. SSP consists of several 
proteins which had different emulsifying capacity. Micro­
scopic examination of the K-fraction showed a more or less 
swollen, granular structure in which a few lost fiber and 
filament particles may be present. This fraction had been 
identified as merely actomyosin which had been liberated from 
the sarcolemma and suspended in NaCl solution. The appearance 
of actomyosin as a sedimentary deposit was caused by mechanical 
treatment in the chopper. The amount of K-fraction appeared to be 
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smaller at increasing amounts of added water and at decreasing 
chopping temperature. However, at excessive chopping, the 
amount of K-fraction increased and the supernatant became 
very thin. At increasing salt concentration, the K-fraction 
progressively swelled to form one allied fraction with the 
supernatant, giving it a gel-like structure with a higher 
viscosity. The amount of K-fraction and its degree of 
swelling as well as extractability vary from different 
meat sources. The explanation of the effect of salts will 
be given in the latter part of this paper. The residue, 
R-fraction, consists mainly of fiber, fibril and connective 
tissue particles. 
Schut and Bouwer (1971) studied the behavior of indi­
vidual types of protein in emulsification and described the 
protein that was being consumed by emulsification as what ap­
peared to be a thin film of insoluble material with the oil 
droplets enrobed in this film. Webb (1974) stated that salt 
soluble proteins, actin and myosin apparently concentrated on 
the fat globule surface by charge orientation to form a mem­
brane. SSP consists of several proteins with different EC. 
Hegarty et al. (1963) ranked the EC of various proteins 
in the following decreasing order: actin in the absence 
of salt followed by myosin, actomyosin, sarcoplasmic 
proteins and lastly actin in 0.3 M salt. However, Tsai 
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et al. (1972) reported from their findings that myosin, 
actin, tropomyosin, troponin and sarcoplasmic protein, have 
equal emulsifying capacities at high concentration (12 
mg protein/ml solution). Schut and Bouwer (1971) reported 
that SSP is preferentially adsorbed as a thin film on 
the fat-water interface and the insoluble protein particles 
are additionally adsorbed, i.e., a double membrane is 
formed. They showed that those proteins preferentially 
adsorbed at the fat-water interface have the greatest 
ability to form a gel upon heating. The adsorption of 
the K-fraction was stronger than the residue particles 
(R-fraction) which are bound to the WSP. This K-fraction 
apparently showed no preferential adsorption at the fat-
water interface and exists in the continuous phase. They 
stated further that if meat protein films are disturbed 
during the emulsification process, while oil droplets are 
reduced to smaller ones, these protein films are not able 
to emulsify oil again and the more preferred proteins 
of the continuous phase can be expected to take over the 
film formation. Thus, the latter results could indicate 
that solid particles in combination with WSP give rise 
to the formation of mixed films. 
The observed difference in emulsification of WSP versus 
SSP proteins has been partially explained by Saffle (1968). 
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Using the limiting viscosity number and the equation of 
Simha (1940) for estimating molecular shape, he calculated 
a length to width ratio of 4:1 for WSP (pH 7.6 and ionic 
strength of 0.05) while the SSP had a length to width ratio 
of 175:1 (pH 6 and ionic strength of 0.67). He concluded 
that the SSP have 40-50 times more surface area avail­
able to surround a fat particle than does the WSP. He 
also cited the results of other workers that SSP were 30 
to 400% more effective in EC than WSP. Carpenter and 
Saffle (1965) explained in the same fashion, that SSP, 
especially myosin, the major component of myofibril, had 
the molecular shape of a long-rod-like molecule while the WSP 
had a spherical almost rigid shape, as indicated by their 
low viscosity. They also recorded an EC of 29-31 jnl. of 
oil per 100 mg. of WSP as compared with 39-42 ml. per 100 
mg. of SSP. Saffle and Galbreath (1964) evaluated many 
meat sources for percentage of SSP and found that there 
was more available SSP in some meats as compared to others. 
Meat high in elastin and collagen content contained less 
SSP and the EC was lower in meat high in connective tissue 
than meat with lesser amounts of connective tissue. Data 
from Carpenter and Saffle (1964) indicated that SSP from 
different carcass parts vary in their efficiency to 
emulsify fat. So Saffle (1968) concluded that there were 
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two important factors that determine the emulsifying ability 
of meats: 1) the efficiency of the protein to emulsify fat, 
and 2) the amount of SSP available. Borton et al. (1968) 
studied the influence of protein levels on the EC and con­
cluded that the leaner products (higher percent protein) 
had higher EC per unit weight of sample. However, the 
fatter products indicated a more efficient emulsification 
by the protein, because these products had higher EC per 
unit of protein. Also, Maurer et al. (1969) showed that 
soluble protein at low concentration was a more efficient 
emulsifier of oil than at higher concentration, and it is 
the total soluble protein concentration that is responsible 
for the emulsion formation. Meat from different carcass 
location will have different protein solubilities and 
therefore different emulsification capacities. 
The relationship between the protein concentration 
and the EC has been shown by many researchers to vary in­
versely. However, two different curves have been found; 
a curvilinear relationship (Hegarty et al., 1963; Trautman, 
1964; Swift et al., 1961; and Galluzzo and Regenstein, 1978a); 
and a straight line (Carpenter and Saffle, 1964). Swift et al. 
(1961) explained the greater efficiency of proteins for 
emulsifying oil at a lower concentration of protein to 
be a result of the shorter time of mixing required for 
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emulsion formation. The additional mixing possibly de­
natured some of the protein and produced smaller oil drop­
lets, thus requiring more protein to cover the increased 
surface area. During emulsification, fat that is present 
in the meat ingredients must be subdivided into smaller 
particles until an emulsion is formed. However, as fat 
particle size is decreased, there is a proportional 
increase in the total surface area of all fat particles. 
Every one-fold decrease in average fat particle diameter 
causes an increase in total surface area of five-fold. 
For example, if a sphere of fat with a diameter of 50 
ym is chopped into spheres with a diameter of 10 ym, 
125 fat particles will result which increase the area 
from 7850 sq. ym to 39,250 sq. ym (area of the sphere = 
2 3 3 irD and volume of the sphere = 4/3 irR or 1/6 ttD ) . 
Ivey et al. (1970) reported that EC increased as the 
degree of dilution of the continuous phase was increased. 
They explained this by the denaturation principle whereby 
the molecular orientation of the protein unfolds at the 
surface of the oil droplet and is more effective in emulsi­
fication. On the basis of this principle, one would 
expect the protein in sausage emulsions to be relatively 
inefficient due to the high concentration and actual 
emulsification to be much lower than the reported 
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EC in the model system. However, in the case of WSP, 
Swift et al. (1961) stated that the emulsification 
efficiency of WSP did not vary appreciably with changing 
concentration. This may mean that the increment of 
temperature during emulsification of the round shape-rigid 
sphere of WSP does not appreciably affect protein denatura-
tion. 
The mechanism of protein emulsification of fat has 
been widely studied; however, these studies were made on a 
macro scale; i.e., WSP and SSP. Recently, Galluzzo and 
Regenstein (1978a,b,c) studied the behavior of myofibrillar 
proteins, individually (myosin, actin, actomyosin, troponin 
and tropomyosin) in chicken breast muscle. The con­
clusion drawn from their studies was that in the range of 
salt concentration of 0.3-1.0 M, the EC of myosin was rela­
tively constant, however, when the salt concentration was 
lowered to 0.1 M myosin was less soluble and the EC decreased. 
Chaudhry (1969) reported that the precipitation of acto­
myosin occurs between ionic strength of 0.2 and 0.3, and the 
additional protein precipitated by further dilution to ionic 
strength of 0.05 to 0.1 was myosin. Once myosin was solu-
bilized, lowering the salt concentration to the range of 
1.0 to 0.3 M did not seem to have an appreciable effect on 
myosin solubility. However, upon lowering the salt con­
centration from 0.3 to 0.1 M, Galluzzo and Regenstein (1978a) 
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reported that myosin associated into small complexes 
accounting for the characteristic cloudiness of such solu­
tions and could even precipitate as long filaments (thick 
filaments). In any case, even precipitated as insoluble 
thick filaments, myosin still could participate in emulsifi-
cation, though at a lesser extent. The lowered solubility 
of myosin may then have decreased the available surface area 
and presumably affected the EC. In terms of rheology be­
havior, myosin formed a fine and thick emulsion while actin 
formed a coarse and thin emulsion, whose large "speckled" 
globules increased in size during emulsification. As 
determined by SDS gel electrophoresis, neither actin nor 
myosin nor any of the other proteins appeared to be 
structurally altered by the EC or time of emulsification 
process. Galluzzo and Regenstein (1978b,c) ranked the 
proteins according to their resistance to insolubilization 
at the oil interface, actin being most resistant followed 
by tropomyosin, troponin (without ATP), and lastly, myosin 
and actomyosin. Tsai et al. (1972) reported from their 
study that myosin emulsions were more stable than actin and 
the myosin film that encapsulated the oil particles was 
stronger than the film from actin. 
30 
Effect of Fat in Emulsions 
It is generally recognized in the sausage industry that 
beef and mutton fat are more difficult to emulsify, especially 
with old choppers, because additional shear force or work is 
required to emulsify higher melting point fats. Hansen (1960) 
reported that fat exists in the emulsion partly in the form 
of dispersed fat globules enclosed in matrices formed by 
protein membranes. Christian and Saffle (1967) studied the 
effect of type of fat on emulsion capacity and concluded 
that more of the shorter-chain saturated fatty acids and 
triglycerides were emulsified than the longer chain saturated 
fatty acids and triglycerides; and, more fatty acids with 
one double bond were emulsified than fatty acids with 
two double bonds. Their results also indicated that less 
of the saturated fatty acids were emulsified than those with 
one or two double bonds. Finally, when the carbon chain 
remained constant, a higher portion of hydroxy radicals 
resulted in a decrease in the amount of oil emulsified. 
From the stability standpoint, Schut (1976) stated that 
more stable emulsions result from beef fat than from pork 
fat. This might be due to higher viscosity in beef fat 
than pork fat. Furthermore, emulsions made with adipose 
tissue were more stable than those with rendered fat, al­
though the particle siee of the latter was considerably finer 
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(Schut, 1976; and Webb, 1974). Townsend et al. (1968) re­
ported that there were two primary ranges of melting in beef 
and pork fats. These ranges were between 3 to 14°C and 18 
to 30°C for beef fat and between 8 to 14°C and 18 to 30°C 
for pork fat. The melting of the major part of fat begins 
at approximately 18°C and is considered to be of signifi­
cant importance. At this and higher temperatures, melting 
increased and decreases in emulsion stability were observed. 
Townsend et al. (1968), also emulsified fractions of pork 
and beef fat as used in meat emulsions at various tempera­
tures and found that at low fat addition all the fractions 
gave stable emulsions. At higher added fat levels, however, 
the higher melting point fats were shown to produce stable 
emulsions, whereas the low-melting fat produced unstable ones. 
Webb (1974), also stated that the temperature range during 
emulsification should be between 60-70°F depending upon 
melting characteristics of fat. He cited the reports of 
other researchers that beef tallow was more stable and showed 
a higher degree of fineness than a lard emulsion. Also, less 
water was required to give a stable emulsion when lard was 
used than when tallow was used as the fat source. With 25% 
beef fat, Ackerman et al. (1971) reported that comminu­
tion to 45, 55, or 65°F failed to produce adequate dispersion 
as shown by the separation of fat from the frankfurters in 
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the smoke house. At 75°F, communition produced a relatively 
fine dispersion from which fat did not separate. 82°F 
chopping, however, showed poor dispersion which produced 
coalescenced fat during the lengthy chopping to relatively 
high temperature. 
Schut (1976) explained the difference between comminuted 
products in which the fatty tissue is moderately reduced and 
a finely comminuted product as follows; the former represents 
a situation in which the majority of the fat is reduced to 
its original fat cells. The matrix is not organized and a 
constant fat separation is observed at heating. In the 
latter case, the fatty tissue has been reduced to free fat 
and the matrix becomes organized which results in a minimum 
of both fat and water separation at heating. For an over-
chopped process, part of the fat will coalesce and fat 
separation upon heating will occur. 
It is surprising to note in the report by Hag et al. 
(1973b) that the stability of a cooked emulsion increased 
significantly as the lipid level was increased from 15 to 
50%. This result was similar to that of Hamm (1960) in that the 
water retention of sausage mixtures increased with in­
creasing fat content. This effect was observed up to a fat-
protein ratio of 2.8:1 while water retention decreased at 
a higher fat content of 3.4:1. The higher ratio indicates 
higher fat content and the low ratio indicated a low fat 
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content. Since fat should not contribute to the binding 
of water, he explained that increasing fat content will 
also increase the amount of salt per unit weight of lean 
meat because the addition of salt (e.g. 2%) is calculated 
for the total amount of lean and fat. However, fat takes 
up much less salt than muscle tissue. Consequently, the 
ionic strength of salt in the lean meat may be higher in a 
sausage mix with a higher content of fat. So the commercial 
sausage emulsion which is generally in the range of 25 to 
30% fat, yielded a slightly lower stability after cooking 
than higher levels of fat. 
Role of Water 
Many types of meat are available for use in emulsifying 
sausage products. Some meat ingredients retain moisture very 
well (cow meat, lean pork) while other retain moisture very 
poorly (tripe, pork stomach). Miller et al. (1968) analyzed 
various sausage materials for ability to retain water. They 
reported that the ability to bind water decreased as fat 
content of meat increased. The same amount of water binding 
was found for meat with high as for low connective tissue 
contents. 
It is obvious that one component in the emulsion can not 
be varied without affecting at least one of the other two. 
Of the three major components (protein, water and oil or 
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fat), Morrison et al. (1971) and Ivey et al. (1970) reported that 
the lean and fat percentage could be varied over wide ranges 
without significantly affecting emulsion stability, but the 
range of percentage of water was narrow and critical to 
stability, and the relative stability of fresh and frozen lean 
was influenced by the amount of added water. Morrison et al. 
(1971) referred to the theory of Mahler and Cordes (1966) 
that denaturation of the protein under selected situations, 
allows sufficient unfolding of the molecular chain to 
increase the stability of the system. Thus, in a relatively 
dilute system, such as high added water in sausage-type 
emulsions, greater stability is obtained. This is cause^ by 
the minimization of protein to protein intermolecular inter­
action. In the more concentrated system the reaction in­
creases, thereby reducing the effectiveness of the protein 
molecule to react with the oil droplets and stabilize the 
system. 
It is muscle proteins that are responsible for the 
binding of water in meat (WHC). Water holding capacity 
(WHC) of the meat refers to the ability of meat to hold 
its own or added water during the application of force 
(Hampif I960) . 
Schut (1976) stated the meat of young animals 
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is considered to have a higher WHC than meat from older ani­
mals and pork has a higher WHC than beef, but there are large 
differences between muscles at different locations in each 
animal's body (Hamm, 1960). Schut (1976, 1978) stated 
that the matrix of a meat emulsion is a quite complex system 
and its stability depends on many factors. To achieve a 
matrix of maximum stability, meat of high WHC should be 
selected. Alteration of the interaction between adja­
cent protein molecules between charged groups of the pro­
teins and small polar particles (such as salt ions and water 
molecules) cause changes in the amount of water that can be 
held in the protein network, which contributes in a direct 
way to the stability of the continuous phase. He stated 
further that the most stable matrix is obtained from meat 
with a high pH (high WHC), that is chopped with high salt 
(3-5% calculated on the meat) to cause swelling and a 
high WHC. 
The Role of Salts 
Muscle proteins are responsible for the binding of 
water in meat. The addition of salts improves the func­
tional properties of proteins, i.e., higher WHC, higher 
EC and higher ES, all of which are responsible for the 
improvement of product quality (Hamm, 1960; Galluzzo and 
Renstein (1978b), and Cooper (1972). 
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Sodium chloride 
Cooper (1972) presented data on the role of salt in 
meat emulsions. He indicated that an ionic strength of 
0.5M or higher was needed to extract salt soluble pro­
teins from muscle tissue. Also, water soluble proteins 
were increasingly effective as a stabilizer when salt level 
increased. This study is in agreement with the work of 
Swift and Sulzbacher (1963) and Maureretal. (1969). Swift 
and Sulzbacher (1963) found that the EC of presalted meat 
to which different volumes of brine were added, increased 
15-30 percent as the ratio of brine to meat increased. 
Hermansson and Akesson (1975) concluded that the effect of salt 
may influence properties of proteins in different ways; by 
specific ion binding, by influencing the ionic strength and 
by changing the properties of the solvent. 
The theory behind the beneficial effect of salt upon 
functional properties was clearly described by Hamm (1960, 
1971). The-addition:of neutral salts such as NaCl causes 
an increase in WHC and swelling of tissue at normal (pH 
5.5) or higher pH values. This swelling effect of NaCl 
is primarily due to the influence of the chloride ion 
which has more affinity to bind protein and the predominant 
binding of this anion results in a shift of the isoelectric 
point of the protein to a lower pH value, on the basic side 
of the isoelectric point, a screening of positive protein 
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charges by the chloride ion causes a net negative charge on 
the protein. Consequently, higher electrorepulsion between 
negative protein charges develops. This causes a loosening of 
the molecular structure permitting an increased uptake of 
immobilized water. On the acidic side of the isoelectric 
point, addition of NaCl causes deswelling because binding 
of anions decreases the electrostatic repulsion between 
positive charged groups of the protein, causing a tightening 
of the microstructure. 
Hamm (1960) and Wierbicki et al. (1963) hypothesized that 
an increase in the ionic strength of the media, as caused 
by the addition of NaCl, in addition to pH is responsible for 
the WHC of meat. Shults and Wierbicki (1973) concluded from 
results of other workers that fluid retention, as affected 
by NaCl or other neutral salt solutions, depended on the 
degree of ion absorption by meat proteins. The ionic strength 
of the solution, determined by electrical charge concentra­
tions of salt ions, controls the rate of absorption. The 
greater the ionic strength, the greater the absorption. So, 
it is the salt concentration and not pH adjustment that is 
the key to obtaining maximum water retention in processed 
meat. 
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Phosphates 
As mentioned earlier, the increase of hydration by NaCl 
is due to the electrostatic repulsion between protein 
charges; however, this hydrating effect is limited by 
cross-linkages between the protein molecules, probably 
between actin and myosin (Hellendoorn, 1962). 
In the production of sausages or cured hams, phosphates 
may be used in conjunction with NaCl. The increase of WHC of 
meat caused by polyphosphate or tripolyphosphate is re­
markably stronger in the presence of NaCl. Phosphates are 
synergistic when used in conjunction with NaCl to enhance 
the functional properties of proteins. After cleavage of 
cross-linkages between the protein molecules by phos­
phate ions, the polypeptide chains can be separated from 
each other, giving way to intermolecular repulsive forces. 
This loosening of the microstructure results in increasing 
uptake of immobilized water (Hamm, 1971) . 
Three factors result from alkaline phosphates or poly­
phosphates on meat hydration as described by Hamm (1971) 
are: changing the pH value in meat by the addition of 
neutral, basic or acid phosphate; increasing protein solu­
bility through the nonspecific ionic strength; and specific 
effects of the phosphate due to certain interactions 
between the anion and the myofibrillar proteins. 
The effect of phosphates is due to an increased 
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solubility of muscle protein, increasing the pH, sequestering 
of heavy metal and calcium in meat, and apparently some 
splitting of actomyosin into components that contribute 
to the higher WHC properties and EC (Hamm, 1960; Wierbicki 
et al., 1963; Yasui et al., 1964; Shults et al., 1972; 
and Galluzzo and Regenstein, 1978a,b,c). However, 
the improvement in processed meat due to the interaction 
between the anion and the myofibrillar protein is still 
not a clear-cut explanation. pH effects and ionic strength 
of the polyphosphates in a sausage emulsion, as stated 
by Hamm (1960), is too slight to influence the solubility 
of muscle proteins and the dissociation of actomyosin. How­
ever, he accepted that in such conditions the swelling 
capacity and WHC of meat increased. So, the question arises 
whether the effect of polyphosphates on WHC of meat and 
sausage emulsions is due to an increase of swelling or to 
a partial dissolution of myfibrillar proteins. Hamm (1971) 
showed that after dilution of 0.5% polyphosphate, 2% NaCl 
and 60% water in sausage formulas, the ionic strength was 
about 0.4. For the extraction of noticeable amounts of 
actomyosin (pH value of < 6.0) an ionic strength of at 
least 0.5 is necessary in the presence of polyphosphates. 
Of several phosphates, Hellendoorn (1962), indicated that 
tripolyphosphate has the highest activity followed by 
tetrapyrophosphate, hexametaphosphate, pyrophosphate and 
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orthophosphate. So the basic phosphates exert a stronger 
hydrating effect on meat than neutral or acidic phosphates, 
and polyvalent anions (diphosphates or triphosphates) are 
much more effective than monophosphate. This result seems 
to agree with the theory that the valence of the ion is 
responsible for its effect on protein hydration and dif­
ferent phosphates show different activity in increasing 
WHC of meat at the same ionic strength. Shults and Wierbicki 
(1973) and Shults et al. (1972) studied the effect of NaSl and 
phosphates on beef and chicken muscle, concluding that tetra-
sodium pyrophosphate, and a commercial phosphate mixture Kena 
FP-28, tripolyphosphate were the most efficient polyphos­
phates for the reduction of the loss of natural juices 
during cooking of meats. They showed that tetrasodium pyro­
phosphate at 0.25-0.5% level gave the lowest shrinkage 
and maximum swelling. With a 1% NaCl and 0.5% phosphate 
combination, the meat gave a dramatic decrease in shrinkage. 
At 3% NaCl level, the lowest level of shrinkage could be 
maintained, but an adverse effect on the meat shrinkage 
occurred when NaCl concentration was increased to 5%. A 
weakening of intermolecular interactions by polyphosphates 
results in a decrease of the structural viscosity and flow 
limit of the system. This means that the sausage emulsion 
becomes softer or more fluid. 
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Effect of pH 
The ability of meat proteins to emulsify fat appears to 
depend, in part, on the shape (unfolding of the molecule) and 
charges on the protein molecule. The pH, known as the net 
charges effect, has a pronounced influence on WHC of muscle. 
On either side of the isoelectric point of pH 5.0, where the 
net charge of protein side chains is zero, the WHC is in­
creased. This influence of the pH accounts for about one-
third of the water loss as pH decreases postmortem (Forrest 
et al., 1975; Hanun, 1960). 
The pH of meat or protein solutions has been shown by 
Hegarty et al. (1963) to have an effect on the EC of protein 
extract solutions. Swift and Sulzbacher (1963) reported that 
the maximum EC of the water soluble protein occurs at pH 
5.2 and is sharply reduced in either alkaline or acidic 
solutions. Salt soluble protein showed an EC maximum at 
pH 6.0-6.5 and did not change appreciably as the pH was 
raised to 8. Carpenter and Saffle (1965) , however, indi­
cated that the EC of the SSP increased significantly as the 
pH was raised from 6 to 9. They reasoned that the protein 
molecule unfolds, thus enabling it to cover more fat. 
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Effect of Temperature in Emulsification 
The temperature rise of an emulsion was found by 
Gorbatov and Gorbatov (1969, 1974) to be due to the energy 
supplied by the knives as a result of overcoming frictional 
resistance and mixing which was related to the power 
generated by the cutting mechanism. The effect of tempera­
ture on the emulsification is a very high inverse correlation. 
Saffle (1968) explained the effect of higher temperature to 
lesser emulsion stability by the fact that temperature tends 
to expand the oil droplet and thus increases the surface 
area for required protein. Higher temperature also promotes 
the coalescence of the oil droplet, causing less oil to be 
emulsified before the capacity of the protein to emulsify is 
exceeded. Helmer and Saffle (1963) presented data that 
showed protein denaturation as caused by chopping the emul­
sion to 27 °C was not to be the cause of lower emulsification on fat. 
Evidence of the lesser effect of protein denaturation was also 
shown by Parkes (1967) who found that he could hold SSP 
extracts at 38°C for 3 hours without any effect on the amount 
of fat emulsified. However, a sharp decrease occurred in the 
amount of fat emulsified after 3-1/2 hours of heating the pro­
tein extract at 38®C. In addition, upon heating the protein 
at 65"C for a few minutes, emulsification of fat would not 
occur. 
43 
Beneficial Effects of Air Reduction 
It is well-established that the reddish color of cured 
pigment is a complex of nitric oxide with the heme of myo­
globin in the form of nitrosyl derivatives (Chien, 1969; 
Yonetani et al., 1972; Antonini and Brunori, 1971). Once 
formed, the myoglobin complexes of nitric oxide are very 
stable in the absence of oxygen. Color fading is a two-step 
reaction, the first being the light accelerated dissociation 
of the nitric oxide from the heme, the second being the 
oxidation of nitric oxide by oxygen (Ramsbottom et al., 1951). 
Ramsbottom (1971) reported that vacuumized packages extend the 
shelf-life of processed meat up to three times over that of 
nonvacuum packages because the vacuum helps to prevent 
the oxidation of the cured meat pigment under displayed 
lighting as well as aerobic microbial growth. Keller and 
Kinsella (1973) noticed the off-flavors in a few hours 
after exposure of the cooked meat to oxygen. Westerberg 
(1971) recommended high vacuum packaging and good oxygen 
barrier film used for packaging sliced bologna. Seideman et 
al. (1976) reported the high vacuum used for packaging frank­
furters showed more juices and more squaring or distortion 
of the products than packaging at low vacuum levels. 
The existence of air or oxygen causes oxidative 
deterioration of the products. No matter how good a barrier 
the packaging material may be, the problem of oxidation 
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will not efficiently be solved if air reduction is not elimi­
nated at the processing point. So advanced technology has 
attempted to remove the air from the product at the point 
of processing. Wirth (1978) suggested that vacuum was 
needed in the processing system for mixing and chopping, to 
prevent air incorporation. Starr (1979) believed that vacuum 
emulsification could improve the lower binding protein and 
could be utilized for the replacement of expensive protein 
in formulations. He claimed that vacuum cutting could de­
crease the breakdown of emulsions in the smokehouse and 
produce a more stable cured meat color. However, no data 
were shown. Solomon and Schmidt (1980b) reported vacuum 
processing methods for improved tender and juicy ham. 
Solomon and Schmidt (1980a) also observed beneficial 
effects of vacuum and mixing time on the extractability and 
binding ability of beef. In their report, a significantly 
greater amount of crude myosin was obtained due to vacuum 
treatment and with increased mixing time. So, the idea 
of reduction of air in a product during processing could 
open new techniques of product and process development for 
further study. 
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EXPERIMENTAL 
The Model System 
Extraction of soluble protein 
The infraspinatus muscle from pork and beef carcasses, 
24 hr. postmortem, was obtained from the meat laboratory 
at Iowa State University. The muscle tissues were trimmed 
of external fat and ground through a 0.318 cm. plate. 
150 gm. of meat and 300 ml. of distilled water were placed 
in a 1000 ml. beaker and the meat was thoroughly dispersed 
using a spatula. The pH of the sample was measured and 
adjusted to 6.0 with 0.1 N NaOH. The meat slurry was then 
made up to 600 ml. with distilled water. The slurry was 
blended in a Waring Blendor at low speed (13,140 rpm) for 2 
min., allowed to stand for 2 min. and blended again for 
another 2 rain. The temperature increase during homogenization 
was measured. The slurry was centrifuged at 9050 x G for 24 
min. at 0°C and the supernatant filtered twice through Whatman 
#4 filter paper. The extraction was done at 0-5°F. The 
extract was stored at 5®C until used. 
The same procedure was repeated using 3% saline (ionic 
strength 0.5) and phosphate buffer pH 6.0 (KHgPO^ + KgHPO^ 
ionic strength 0.1) for the extraction of salt soluble protein 
and for a salt and water soluble protein mixture. 
Total soluble protein was determined using the biuret 
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method of Gornall et al. (1949) and modified by Robson et al. 
(1968). The standard curve was prepared using bovine serum 
albumin. The moisture and soluble solids were determined 
by drying 5 ml. extracts in the vacuum oven at 95°C for 
8 hours. 
Emulsion capacity 
The extractable proteins from water, phosphate and salt 
were diluted to 8 mg/ml concentration. The equipment used 
in the emulsification process are shown in Figures 1 and 2. 
Determination of emulsification values was conducted in an 
open ice water bath controlled at 0-5°C. 25 ml; of the protein 
solution plus 50 ml. of Wesson oil (0.3 g/liter of Oil-Red-0 
was" added in the oil to give better visibility of the inversion 
point of the emulsion) was preemulsified' in the plexiglass jar 
using the speed #3 (8500 rpm) of the Sorval Omnimixer model 
OM 1150 for 1 min. Then the emulsification process was per­
formed by continuous delivery of the colored-Wesson oil 
into the jar from the reservoir through tygon tubing at the 
rate of 1 g/sec. The speed of mixing was maintained at 8500 
rpm. The emulsion collapse at the break point was determined 
using both subjective and objective measurements. 
The subjective determination was a visual change from 
pale pink to bright red and the appearance of a sudden drop in 
viscosity of the thick emulsion. These methods were described 
47 
1. Water bath 
2. Plexiglass jar (see also Figure 2) 
3. Vacuum 
4. Oil supply 
5. Conductivity meter 
6. Recorder 
7. Transformer 
Figure 1. The model system 
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8.0 cm 
Figure 2. The mixer equipment 
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A C  
Figure 3. Ohm meter circuit 
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by Swift et al. (1961) and Marshall et al. (1975) . The oil 
weight at the break point was measured and calculated as 
volume. Emulsifying capacity was reported as the ml. of 
oil emulsified per 100 mg. protein; and the volume of oil 
consumed per 25 ml. extract was reported as oil to water 
ratio. Emulsifying ability of each extract (water, phosphate 
and salt) was determined based on quadruplicate determination 
on each vacuum and nonvacuum emulsification. On the vacuum 
emulsification, an air pump was used to maintain a vacuum 
in the,jar at gbout 684 mm. Hg, 1 minute prior to and 
during the process. 
The objective measurement of the transition point was 
done by measuring the abrupt increase in resistance between 
two electrodes in the plexiglass jar. The entire scheme 
is shown in Figure 1. It is a simple Ohm meter circuit, as 
shown in Figure 3, which was employed for resistance measure­
ment. The electrical conductivity cell is shown in Figure 
2. The electrodes are made of stainless steel plate, with 
the size of 1/2 x 1/2 in., curved to conform to the jar 
wall. The distance between the plates is 7.6 cm. The 
electrodes are connected to a digital Simpson 460 
Volt-Ohm-Milliammeter (VOM) which measures the AC 
voltage supplied from the transformer. The response from 
the VOM is recorded by a Heath-Built Servo recorder Model 
EUW-20A. From Figure 3, the resistance of the conductivity 
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cell (R^) was calculated following the formula: = 
R^(E/V - 1) whereas: 
E = electrical potential between point AB = 6.83 
volts 
R = the resistance from the fixed resistor = 500 
c 
R = the resistance of the cell at any moment 
x 
V = the voltage at R^ read from the VOM 
The emulsifying capacity, expressed as ml. of oil emulsified 
per 100 mg. protein, was calculated from the oil flow rate 
and time of emulsification, which was read from the recorder. 
Also, oil volume consumed by 25 ml. extract was reported 
as oil to water ratio. 
Density Density at the emulsion break point 
was determined as the weight in gm. of 100 ml. solu­
tion. 
Emulsion stability 
The separation of an aqueous phase and a cream 
phase (in ml.) after 30 min. at 70°C in an open water 
bath was the measurement used to determine emulsion stability. 
15 ml. of emulsion with an oil to water ratio of either 0.8, 
1.6, or 2.4 were placed in 15 ml. graduated centrifuge 
tubes. The tubes were then subjected to heat treatment as 
mentioned. The phase separation was made clearer by 
centrifuging a few min. at 1000 rpm and the emulsion 
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stability was calculated as percent aqueous phase bound in 
the cream phase. 
Microscopic examination 
In order to have a better view of the emulsion with the 
light microscope, 1.5 gm./liter of Oil-Red-0 was used to stain 
the oil prior to emulsification. Emulsion structure and its 
stability was observed by placing one drop of the emulsion 
on a slide. The slide was carefully covered avoiding air 
between the slide and cover glass. The slide, then, was 
examined under a light microscope (X540, X5,400 and X13,600). 
The Sausage Emulsion 
Preparation of frankfurters 
Regular beef lean trim and beef fat from the meat 
laboratory at Iowa State University was ground through a 
0.954 cm. plate. The fat content of the ground beef was 
determined using the Hobart fat analyzer model F-lOO and the 
Anyl-Ray (Kartridg-Pak, Inc.) machine. Then the sausage was 
formulated for a fat content of 30%, 40 ppm NaN02, 3% salt 
and 15% added water. The emulsion preparation of vacuum 
groups was divided into a partial vacuum treatment and a full 
vacuum emulsification. The chopper used was a Kramer-Grebe 
Vacuum-Schneidmischer Type 206. 
53 
Partial vacuum versus nonvacuiun emulsification 
Four batches, 20 lb. each, were divided equally into 
vacuum and nonvacuum treatments. The ground beef, salts 
(NaCl + NaNOg) and two-thirds of the ice were chopped to 
facilitate the solubilization of soluble protein prior to 
the addition of beef fat and the rest of the ice. The pre-
chopping process was done without vacuum for both treatments 
and the chopping was continued until a temperature of 55°F 
was reached. Then fat and the rest of the ice were added 
and the chopping was performed at 28 in Hg vacuum until 
the final temperature of 65°F was reached. Nonvacuum 
chopping was the same as vacuum chopping except that no 
vacuum was applied. 
Full vacuum versus nonvacuum emulsification 
Eight batches, 60 lb. each, were divided equally into 
vacuum and nonvacuum treatments. The chopping process was 
the same as described above except that the vacuum was ap­
plied in both the prechopping and the final chopping stages. 
No vacuum was applied in the nonvacuum treatment. 
Emulsion stability test 
Raw emulsion samples were collected and examined for 
proximate analysis (% protein, % fat and % moisture) and 
for emulsion stability. The proximate analysis followed the 
procedures of the AOAC (1975). The emulsion stability test 
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followed the modified Rongey and Berg (1971) stability test to 
estimate the amount of fat and water lost during processing, 
whereas the exact weight of raw emulsion was placed into 
Wierbicki tubes and the tubes were heated in an open water 
bath at 70°C for 30 min. followed by centrifugation at 250xG 
for 20 min. The tubes were cooled for 10 min. at room tempera­
ture and the water and fat loss, collected at the bottom of the 
tubes, were expressed as a percentage of sample weight. 
Cooking and smoking 
The emulsion batter was stuffed into Teepak casing 
caliber 24RP. The raw frankfurters were weighed and, then, 
processed in a conventional smokehouse to 70°C internal 
temperature according to the following schedule; 15 min. at 
40% RH and 54°C, 30 min. at 63% RH and 70°C, 10 min. at 78% 
RH and 80^C, and 5 min. at 80°C and 100% RH, followed by 3 
min. cold shower. The frankfurters were chilled to 4°C and 
weighed. 
Quality measurements 
Water-holding capacity determination was made by modify­
ing the procedure of Wierbicki and Deatherage (1958) as 
follows: samples (0.3 gm.) of frankfurter were placed on 
dried, #1 Whatman filter paper and pressed for 3 min. in a 
Carver press at 3000 psi. Meat and juice (total area) areas 
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were measured using a polar planimeter. Water-holding capacity 
was expressed as the ratio, juice area (total area) to meat 
area. Expressible juice was calculated by the formula used 
by Briskey et al. {I960) which expressed the percent free 
water in terms of (total area - meat area) 44.07 x 100/total 
water content (mg.). Color measurement by reflectance of the 
sausage was conducted following the procedure provided by 
Sebranek (1978), using green, blue and amber filters. The 
reflectance values were read from a Photovolt Reflection Meter 
Model 670 and the CIE tristimulve values (x,y,z) were calcu­
lated. The sausage toughness was measured using the Warner 
Bratzler shear. The density was measured by the displace­
ment of sausage in water and expressed as the ratio of 
weight (gm.) to volume (ml.). 
Histological examination 
The histological technique followed the procedure 
described by Cassens et al. (1977). Samples, ranging from a 
whole cross-section of a frankfurter to a cube sample 1 cm 
per side, were frozen in liquid nitrogen. Sections were cut 
10 u thick in a cryostat and attached to albuminized slides 
by touching a slide to the section resting on the knife. They 
were stained with Oil-Red-0 to identify the lipid. 
The Oil-Red-0 staining procedure was as follows: six ml. 
stock solution (250-500 mg. dye/100 cc. of 99% isopropanol) was 
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diluted with 4 ml. water, allowed to stand for 10-15 min. and 
then filtered. Sections were stained for 10 min. in Oil-
Red-0, washed in water, stained in hematoxylin for 30 sec. 
and washed in running tap water for 5-10 min. Coverslips 
were attached with glycerine. 
Experimental Design and Statistical 
Analysis 
The experimental design was according to Ostle (1975). 
A 2x2x2x3x4 factorial split plot design was utilized on the 
emulsification capacity, with 2 animals (pork and beef) 
a duplication (whole plot) for each animal. Two treatments 
(vacuum and nonvacuum) and 3 kinds of solvent (water, phos­
phate and saline), were observed on the sub plot and four 
determinations were made on each sub plot of each sample. 
A 2x2x2x3x3x4 factorial split plot design was used on the 
stability test with 2 animals, a duplication on each animal, 
2 treatments (vacuum and nonvacuum), 3 kinds of solvent 
(water, phosphate and saline), 3 oil levels (0.8, 1.6, 2.4 
oil to water ratio) and 4 determinations on each sample. 
A completely randomized design was employed in the actual 
beef sausage production with 3 treatments (full vacuum, 
partial vacuum and nonvacuum). The comparison was first 
made with partial vacuum and nonvacuum treatments, with a 
duplication on each treatment. Another comparison (full 
vacuum versus nonvacuum) was conducted later with 4 replications. 
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on each treatment. Proximate analysis (% moisture, % fat, 
and % protein), percent cooking loss, stability test, Warner 
Bratzler shear value, color, water holding capacity, and 
density were the criterion for measuring response from each 
treatment. 
Statistical analysis was performed using the SAS 
analysis of variance procedure of Barr et al. (1976). 
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RESULTS AND DISCUSSION 
The Model System 
Electrical conductivity measurement 
Electrolytic conductivity is a measure of the ability of 
a solution to carry an electric current. Solutions of 
electrolytes conduct an electric current by the migration 
of ions under the influence of an electric field. Conducting 
solutions in general are electrolytic conductors which obey 
Ohm's law. Thus, for an applied electromotive force E, 
maintained constant, the current i flowing between the 
electrodes immersed in the electrolyte will vary inversely 
with the resistance of the electrolytic solution R. The 
reciprocal of the resistance 1/R is called the conductance 
and is expressed in reciprocal ohms, or mhos. 
In most controlled experiments, capacitance and polariza­
tion effects are quite considerable problems in direct cur­
rent (DC) measurement. They are major problems which 
usually cause inconsistent results. Capacitance is the 
capability of the system to absorb or store a certain amount 
of electrical charge before reacting to the asserted voltage, 
i.e., causes the change in potential drop. This problem is 
eliminated when the charge in the system is filled up. 
However, with the continuing passage of direct current 
through the solution, the electrical charge will accumulate 
near the electrodes and form an electric double-layer at the 
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electrode-electrolyte interface. In addition, the products of 
the electrode reactions may set up a voltaic cell and appreci­
able back emf. 
With alternating current (AC) application, the ions will 
change in direction according to the electric field. Since the 
ions have low mobility in the solution and the polarity of the 
electrodes will change at a frequency that is much faster than 
ion mobility, the ions in solution will remain relatively still. 
Thus, the difficulties associated with a DC system are eliminated 
and allows use of AC in electrolytic conductivity measurements. 
These effects have been explained clearly by Considine (1976), 
Willardetal. (1974) , Mann et al. (1974) and Robinson (1973). 
Measurement of electrolytic conductance can be ac­
complished by using various methods, AC Wheatstone Bridge, 
AC Electrodynamometer, Ohm meter Circuit, Electrodeless 
Circuit, etc. (Considine, 1975) . However, the Ohm meter 
Circuit is quite simple and the result is quite consistent. 
The circuit was shown in Figure 3. A resistor and a meter, 
transformer, secondary winding, and conductivity cell (the 
jar) were connected in series, so that the current is the 
function of the cell resistance which was calculated as: 
where ; 
E = electrical potential between AB = 6.83 volt 
R = the resistance of the fixed resistor = 500 0 
c 
R^= the resistance in the cell at any moment 
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V = the voltage at read from the VOM 
The current in ACB = I. Since 
and 
I = (V can be read from volt meter) (1) 
*c 
E = IR 
- I  
B = 9% + 
•  •  W  
(1) = (2) E V 
ER = VR + VR 
c X c 
VR^ = ER^ - VR^ 
R^ = R^(E/V - 1) 
The additional resistance R^ (10 ohm, 10 watt) was shunted 
between point A and B, the secondary winding, to adjust the 
constant electrical potential E. For example; 
A) without Rg; if R^ = 0 R = R^ + 500 
= 0 + 500 = 500 n 
B) with R (10 ohm) J- = J- + ^ 
s ^ ' R Rg R^+R^ 
1 4. : 
10 R^+R^ 
if R. = 0 + ^  = 0.102 -»• R = 9.8 fi 
if R^ = 500 ->• 0.101 R = 9.9 
The considerable change in resistance as in Case R, 
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would effect the fluctuation of the electromotive force (E), 
while negligible change in resistance as in Case B would not 
effect the electromotive force (E). 
Electrical conductivity of the emulsion 
Unlike a simple electrolytic solution where conductivity 
of the solution would be a function of the concentration, con­
ductivity of an emulsion during emulsification remains relative­
ly constant. Before the emulsion break point, oil additions does 
not greatly affect change in electrical conductivity. Figure 4 
shows the conductivity behavior during emulsion formation. The 
oil was incorporated into the emulsion system and existed in the 
matrix form rather than a simple mixture. The electrical resis­
tance was lowest in the salt extract emulsion (Figure 4a) , fol­
lowed by phosphate extract emulsion (Figure 4b) , and lastly, water 
extract emulsion (Figure 4c) . This is due to the ion concentra­
tion which is highest in salt extract and lowest in water extract. 
In order to explain the behavior of an emulsion, its capac­
ity and stability, the arrangement of oil bound in the matrix 
structure will be described. Figure 4a,b,c are photomicrographs 
of the emulsion which shows how the matrix structure of the 
emulsion is organized. It is a multiple phase system where the 
oil droplets are finely dispersed. These droplets are enclosed 
centrally by protein membrane which is surrounded by a less 
dense zone of aqueous phase (Figure 5c) . This is a concentric 
structure of an oil-protein-water lattice where the oil is at 
the center and is surrounded by protein and water, respectively. 
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3$4 ^38 
a. Salt extract emulsion 
Figure 4. The resistivity characteristics of the emulsions as 
recorded from the recorder 
b. phosphate extract emulsion 
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c .  Water extract emulsion 
Figure 4 (Continued) 
These lattices are bound in a network of protein membrane and 
form into a micelle. The whole scheme describes how oil is 
bound in the matrix structure of an emulsion. Figure 5a is the 
overall structure of an oil in water emulsion. Figure 5b and 5c 
are a closer look into the emulsion structure where the matrix 
arrangement is clearly seen. 
More detail on how these structures stabilize the emulsion 
system will be discussed in the emulsion stability section. How­
ever, with this organization in which the oil droplets are sur­
rounded by a continuous aqueous phase, the electrical resistance 
of the emulsion is not appreciably changed by oil addition. Ions 
or electrical charges will mobilize between electrodes in the 
continuous network structure around the discrete oil phase. This 
matrix structure will function as the electrical conductor. In 
comparing Figure 5 to Figure 6, it should be noted that Figure 6 
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^ËÊsm 
An overall view of the oil in water emulsion (X540) 
Figure 5. Photomicrograph of oil in water emulsion 
(1.5 g/liter of Oil-Red-0 dye was mixed 
in the oil prior to emulsification) 
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m iv4-
The concentric ring of oil-protein-water matrices 
enclosed by the micelle (X5,400) 
The concentric ring of oil-protein water matrices in 
the micelle (X13,600) 
Figure 5 (Continued) 
Figure 6. Photomicrograph of oil in water mixture 
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The destabilized emulsion (X540) 
m 
Complete emulsion breakdown which the coalescence 
of oil and water is clearly seen 
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shows a mixture of water and oil where no matrix structure can 
be seen. The only thing that can be seen is the separation of 
water and oil phases. With this mixture, the conductivity is 
very low and the resistance is very high. Increasing the 
amount of oil and shear force associated with the particle 
size reduction would result in increasing the matrix density 
in the micelle. The higher matrix density would result in en­
tangling of the network structure, which is the background 
seen (Figure 5c) . Such arrangement will bind the matrices more 
strongly and provide more stability. Also, an increase in 
viscosity results. The fluctuation of electrical resistance as 
seen in Figure 4 may be due to the time needed to form an emul^ 
sion. The added oil would cause an increase in electrical 
resistance before it is emulsified. Once the oil was 
emulsified the resistance would drop to the former resistance 
value. At the emulsion break point, the matrices increase 
so greatly that the network can not hold any more matrix, 
then, the matrices spread out of the micelle. This event 
occurs a,s a consequence of the consumption of protein for sur­
rounding oil. At this point the oil will coalescence and the 
emulsion no longer exists. Consequently, the resistance of 
the solution will increase abruptly. More detail concerning 
the mechanism of breakage of the micelle which causes the 
break of the emulsion will be discussed in the emulsifying 
capacity section. 
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Extraction of soluble protein 
Since the purpose of this study was to investigate the ef­
fect of vacuum treatment on the emulsification of meat, other 
variables that might affect the result were minimized. 
Carpenter and Saffle (1964) indicated that salt soluble 
protein from different carcass parts vary in their efficiency 
to emulsify fat. Table 1 shows the emulsifying capacities 
of salt soluble protein from various types of meat that were 
reported in the literature. 
Table 1. Emulsifying capacities of salt-soluble protein 
from various types of sausage meats 
Carpenter & 
Saffle (1964) 
Acton and 
Saffle 
(1970) 
Gillett 
et al. 
(1977) 
Cow meat 
Beef cheek 
Beef hearts 
Beef rib-eye 
Beef shank 
Beef chuck 
Beef lean trim 
Pork fat trim 
Pork cheek 
Pork picnics 
36.6 
32.7 
2 2 . 6  
23.4 
53.2 
51.6 
49.6 
48.1 
17.38 
19.88 
19.89 
21.26 
31.68 
21.66 
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In order to avoid the variation among protein sources 
and time postmortem, infraspinatus muscle was arbitrarily 
selected as the protein source. The pH and temperature 
increase during homogenization in the extraction with various 
protein solvents is shown in Table 2. Also the composition 
of various extracts from pork and beef is presented in 
Table 3. 
Table 2. The physical characteristic of the extract 
slurries! 
Temperature Viscosity 
pH increase of theg 
(°C) slurry 
Pork 
Water extract 5.85a 8a Low 
Phosphate extract 5.91a 8a Low 
Salt extract 5.76a 8a High 
Beef 
Water extract 5.85a 8a Low 
Phosphate extract 5.95a 8a Low 
Salt extract 5.63a 8a High 
SEM^ 0.287 0.0 
^Means in the same column not followed by the same 
letter are significantly different (P<0.05). 
2 
The viscosity of the slurries is a qualitative com­
parison by visually observing the flow behavior of the 
slurries. 
3 SEM, standard error of mean. 
71 
Table 3. Composition^ of various extracts 
% 
Moisture 
% 
Soluble 
solid2 
% 
Soluble 
protein 
Pork 
Water extract 98.36a 1.64a 0.92a 
Phosphate extract 97.02b 2.99b 1.30b 
Salt extract 96.23c 3.77c 1.58c 
Beef 
Water extract 98.87d 1.13d 1.01a 
Phosphate extract 97.39e 2.61b 1.59d 
Salt extract 96.38c 3.62c 1.77c 
SEM^ 0.106 0.204 0.162 
^Means in the same columns in each dependent variables 
not followed by the same letter are significantly different 
(P<0.05). 
2 
Percent solid is the percentage of dry material of the 
extract. 
3 Standard error of mean. 
The results show that there was no significant dif­
ference in the pH (5.6-5.9) or temperature increase (8°C) 
during extraction either in beef or pork. The concen­
tration of protein among extracts was highest in the salt 
extract, followed by phosphate and water extract, 
respectively. The extractable proteins from pork and beef 
are the same (1% in water extract and 1.6%-1.8% in salt 
extract) except for the phosphate extract which was higher in 
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beef than pork (1.6 > 1.3%). The lower soluble solid in the 
water extract and the higher soluble solid in phosphate and 
salt extracts was due to the higher salt concentration of 
solvents (ionic strength 0.1 and 0.5 M), for phosphate and salt, 
respectively. From the fat standpoint, Townsend et al. (1968) 
reported the melting point of major beef and pork fats begins at 
approximately 18°C. This is considered to be significantly 
important in emulsification determination. Since the extrac­
tion was conducted in the range of 0 to 5°C and the solid 
fat was filtered out, the extracts were considered to be fat 
free extracts and no fat analysis was conducted. 
According to the solubility properties, protein from the 
water extract is of the water soluble protein category and 
salt extract (ionic strength 0.5) would be the salt soluble 
protein. Since the muscle was taken at 24 hr. postmortem 
the dominant protein should be actomyosin. The phosphate 
extract (ionic strength 0.1) should represent the mixture of 
both water soluble and salt soluble protein. Phosphate action, 
as reported by many workers (Hellendoorn, 1962; Fukazawa et al., 
1961) promotes the extraction of protein from intact fibrils. 
Hamm (1971) described 3 effects that result from phosphate, all 
of which effect the protein solubilization. pH, ionic 
strength and specific effects of phosphate (due to certain 
interactions between the anion and the myofibrillar protein) 
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are such factors. Since the pH was constant (6.0) in all 
extracts, it should be the ionic strength and phosphate 
anion that causes the different protein solubilities. 
McCready and Cunningham (1970) reported an equal extraction 
of salt soluble protein at the inherent pH of muscle 
(pH 7.0), but a lower extraction at pH 5.0: The ionic 
strength of phosphate buffer (pH 6.0) is 0.1 which is rela­
tively low. The combination of ionic strength and the 
specific anionic phosphate effect facilitates the extraction 
of salt soluble protein. Also, water soluble protein should 
be extracted at that relatively low ionic strength. 
The salt soluble protein being extracted with phos­
phate is probably myosin of the "thick filament. Chaudhry 
(1969) showed that phosphate buffer would extract only 
myosin and not actomyosin even with extraction time up to 
24 hours. In an effort to understand how phosphate may be 
acting to strengthen or stabilize the I-Z bonds, the re­
port of Haga et al. (1966) came to mind. These investi­
gators have shown that Ca^^ appeared to enhance actin solubil­
ization in fibrous myofibrillar residues from which all 
++ 
myosin had been extracted. Since phosphate is a good Ca 
chelator, it was hypothesized that Ca^^ was necessary to 
loosen actin filaments from their attachment to the Z-line, 
++ 
and that the effect of phosphate was to chelate this Ca , 
preventing it from loosening the I-Z bonds and thereby 
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preventing actomysin extraction. On the other hand, it is 
possible that some actomyosin might be solubilized 
since the'I-Z bonds may be ruptured at the actin fila­
ment mechanical homogenization. However, the low 
viscosity of the phosphate meat slurry that was noticed 
from the flow behavior (Table 2) supported myosin 
extraction rather than actomyosin. Chaudhry (1969) 
distinguished myosin from actomyosin based on the less 
viscous flow characteristic of the former. The salt soluble 
protein in the phosphate extract would be composed of mainly 
myosin rather than actomyosin in this case. Also, the rela­
tively low ionic strength (0.1) of phosphate solvent would ex­
tract water soluble protein. Thus, the phosphate extract con­
tained both water soluble protein and salt soluble protein. 
Emulsifying Capacity 
The results of the emulsification values (emulsifying 
capacity, oil to water ratio, and density) of protein 
extracts (water, phosphate, and saline) from pork and beef 
are shown in Tables 4 to 7. These values were obtained from 
both the subjective and objective determination of 
emulsion behavior. Table 7 presents the means of the data 
in Tables 4 to 6. 
The objective method which measured the electrical con­
ductivity of the emulsion was discussed in an earlier 
Table 4. Emulsification values for water extract 
Emulsifying capacity 
Subjective Objective 
Oil to water ratio Density 
Subjective Objective (gm./ml.) 
Pork 
Vacuum 45.96a 
Nonvacuum 26.97b 
% Increase 41.32 
Beef 
Vacuum 48.31a 
Nonvacuum 33.05b 
% Increase 31.59 
MSEM^ 2.737 
MSEM for each pair 3.736 
43.42a 
26.06b 
39.93 
44.74a 
30.30b 
32.28 
2.543 
3.48a 
2.02b 
41.96 
4.04a 
2.73b 
32.43 
0.225 
3.32a 
1.95b 
41.27 
3.74a 
2.44b 
34.76 
0.211 
0.308 
0.921e 
0.824f 
10.53 
0.917e 
0.900g 
1.85 
0 . 0 0 2  
Means in the same row and column in each dependent variables not followed 
by the same letter are significantly different (P<0.05). 
"Standard error of mean. 
Table 5. Emulsification values for phosphate extract 
Emulsifying capacity 
Subjective Objective 
Oil to water ratio 
(volume/volume) 
Subjective Objectiv e 
Density 
(gm./ml.) 
Pork 
Vacuum 
Nonvacuum 
% Increase 
Beef 
Vacuum 
Nonvacuum 
% Increase 
MSEM^ 
56.55a 
41.95bc 
25.82 
44.49b 
35.50c 
2 0 . 0 2  
2.737 
SEM for each pair 3.736 
55.15a 
40.19bc 
27.13 
42.17b 
33.04c 
21.65 
2.543 
4.37a 
3.22bc 
26.32 
3.69b 
2.93c 
2 0 . 6 0  
0.225 
0.308 
4.22a 
3.08bc 
27.01 
3.50b 
2.73c 
22.00 
0.211 
0.918d 
0.891e 
2.94 
0.919d 
0.906f 
1.42 
0 . 0 0 2  
^Means in the same row and column in each dependent variables not followed 
by the same letter are significantly different (P<0.05). 
2. 
'Standard error of mean. 
Table 6. Emulsification values for sait extract 
Emulsifying capacity 
Subjective Objective 
Oil to water ratio 
( vo 1 urne/vo 1 urne ) 
Subjective Objective 
Density 
(gm./ml.) 
Pork 
Vacuum 
Nonvacuum 
% Increase 
Beef 
Vacuum 
Nonvacuum 
% Increase 
SEM 
51.76a 
44.50b 
14.03 
53.83a 
49.18b 
8.64 
2.737 
50.30a 
43.65b 
13.22 
51.28a 
46.75b 
8.83 
2.543 
SEM for each pair 3.736 
4.06a 
3.42a 
15.76 
4.73c 
4.27a 
9.73 
0.225 
3.84a 
3.37b 
12.24 
4.51c 
4.06a 
9.98 
0.211 
0.308 
0,919d 
0.890e 
3.16 
0.915d 
0.887e 
3.06 
0 . 0 0 2  
Means in the same row and column in each dependent variables not followed 
by the same letter are significantly different (P<0.05). 
2. Standard error of mean. 
Table 7. Means^ of the emulsification values compared among extracts 
Emulsifying capacity Oil to water ratio Density value 
Vacuum Non- % Vacuum Non- % Vacuum Non- % 
vacuum Increase vacuum Increase vacuum Change 
Water 
extract 44.08a 28.18c 36.07 3.53a 2.19c 37.96 0.919a 0.901b 1.96 
Phosphate 
extract 48.66b 36.62d 24.74 3.86ab 2.90d 24.87 0.919a 0.899b 2.18 
Salt 
extract 50.21b 44.55e 11.27 4.13b 3.67e 11.14 0.917a 0.887c 3.27 
SEM^ 2.614 0.223 0.003 
^Means in the same row and column in each dependent variables not followed 
by the same letter are significantly different (P<0.05). 
2 Standard error of mean. 
79 
section. The subjective determination followed the methods 
as described by many researchers (Swift et al., 1961; Marshall 
et al., 1975). Such determinations of the emulsion break 
point include the abrupt change in viscosity from high to 
low viscosity, changing of color from pale pink to bright 
red, and the motor sound which results from the sudden change 
in viscosity. However, difficulties associated with such 
methods make it necessary to have some experience in determina­
tion of the break point. 
As more and more oil was incorporated to form an oil-
protein-water matrix of concentrix structure in the micelle, 
the available protein was used up in covering the oil. 
Thus, no more new matrix can be formed. The excess oil will 
be forcefully formed into droplets through the action of the 
blade in the matrix. This causes pressure at the membrane 
of the network structure and the outer membrane of the 
micelle. The membrane of the micelle breaks and the matrices 
spread out. Since there is nothing to hold the matrices to­
gether, the matrices deform to free oil droplets which result 
in coalescence of the oil. The emulsion now breaks. Also, 
the viscosity decreases because the unorganized oil and 
water can move more freely. 
The initial pale pink color of the emulsion; is caused 
by the scattering of light from the clear continuous aqueous 
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phase surrounding the discrete red oil phase. At the emul­
sion break point, the oil coalescences and less scattering 
of light reflection results. The pale pink color changes to 
the original bright red of the oil. 
The difficulty associated with viscosity and sound 
determination leads to uncertainty in deciding which 
changes in viscosity should be the transition point. As 
more oil was added into the emulsion, the viscosity in­
creased. This results from the high concentration of oil-
protein-water matrix in the micelle as mentioned earlier. 
At such high viscosity, the homogenizer tends to slow down 
and incorporation of added oil into the emulsion is dif­
ficult. This results in an accumulation of thin oil on 
the surface of the thick viscous emulsion. A louder motor 
sound occurred as the viscous fluid resisted the stirring 
action. Since the emulsion possesses the non-Newtonian fluid 
characteristic of a pseudoplastic type (Sherman, 1976) the 
apparent viscosity decreases with increasing shear force. As 
the accumulated oil on the surface was then incorporated into 
the emulsion, the viscosity increased again. This happened a 
few times before the actual transition occurred. Such 
phenomenaf the inconsistency of the viscosity, makes it diffi­
cult to decide whether the transition point has been reached. 
After the break point, the viscosity will remain constant at a 
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low level. Another difficulty associated with the determina­
tion of the break point was the immersion of the jar in the 
water bath, the splashing of the emulsion from the blade, and 
the smearing of the emulsion along the wall in the jar. 
These make it quite difficult to observe changes in the 
system, especially the change of color from pale pink to 
bright red. So, an objective measurement, electrical con­
ductivity, of the emulsion was preferentially used. 
However, despite the difficulties, the combination of 
methods (viscosity, color and sound) in determining the 
emulsification values from the subjective approach showed no 
significant difference {P<0.05) from the objective one 
(electrical resistance), though the mean values from the 
subjective method are higher and the variation was greater. 
These data are shown in Tables 4 to 6. The means of the 
emulsification values presented in Table 7 are from objective 
measurement. 
Tables 4 to 7 show emulsifying capacity (ml. of oil 
per 100 mg. of protein), and oil to water ratio. Though both 
terms do not have the same meaning, they are highly correlated 
to each other. The former expresses protein efficiency, 
while the latter shows the quantity of oil emulsified by 
a specific volume of extract. Unless otherwise noted, the 
results concerning emulsification values are cited from 
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Table 7. 
The mean values of the emulsification ability for com­
parison of pork and beef with all extracts (water, phosphate 
and saline) show no difference (P<0.05). This was not sur­
prising since the protein quality of pork and beef as shown 
in Table 8 does not differ in terms of percent free water 
(26 and 29%) or water holding capacity (2.2). Table 7 
reveals that salt extract or salt soluble protein was 
highest in both emulsifying capacity (44.55) and oil to 
water ratio (3.67). Water extract or water soluble protein 
was lowest in both the emulsifying capacity (28.18) and 
the oil to water ratio (2.19). The mixed proteins 
(phosphate extract) had intermediate values. The higher 
emulsifying capacity in the phosphate extract (mixed pro­
teins of water and salt soluble proteins) compared to the 
water extract (water soluble protein) was mainly due to myosin. 
Schut and Bouwer (1971) stated that salt soluble protein is 
Table 8. Protein quality^ of pork and beef 
% Free water Water-holding capacity 
Pork 28.76a 2.23b 
Beef 25.57a 2.21b 
SEN? 2.454 0.091 
^Means in the same column not followed by the same 
letter are significantly different (P<0.05). 
2 Standard error of mean. 
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more preferentially adsorbed as a thin film at the fat-
water interface than water soluble protein. The dominant 
salt soluble protein was myosin, as discussed in the 
extraction section. It was noticed that the emulsifying 
capacity of the mixed protein was 23% higher than the 
water soluble protein and 22% lower than the salt soluble 
protein (as calculated from Table 7). 
Vacuum emulsification 
The density value in Table 7 was intended to show 
the change when a vacuum treatment was applied to the 
emulsification process. The increment of density from 
2-3% as resulted from air reduction in the vacuum treat­
ment could improve the process efficiency from 11% 
(salt soluble protein) to 36% (water soluble protein). 
So, the improvement in an emulsification process using the 
vacuum treatment may be explained in terms of air inter­
ference. It was noticed that at high speed in the blendor, 
the blade (8,000-9,000 rpm) in the vertical axis sucked air 
from the top and incorporated it into the emulsion. 
As theorized by many scientists, emulsification is the 
process of formation of a protein film over oil droplets. 
The higher the surface area of the protein, the more 
efficient emulsification. With the addition of air bubbles. 
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interference with the protein film over oil droplets is 
likely. That is, some of the area of the protein is 
wasted in covering air bubbles instead of being fully 
utilized to cover oil. With the vacuum treatment, the surface 
area of the protein is more efficiently utilized in covering 
of oil droplets. 
Although the emulsifying capacity of salt soluble pro­
tein (44.55) was higher than water soluble protein (28.18), 
the improvement in the vacuum process was higher in water 
soluble protein (36.07%) than salt soluble protein (11.27%). 
This difference in percent improvement could be explained in 
terms of protein surface area, since the salt soluble protein 
have 40-50 times more surface area to surround oil droplets 
than does water soluble protein (Saffle, 1968). Despite the 
great difference in surface area, the amount of air in­
corporated during emulsification in the water extract 
(density of 0.901) and salt extract (density of 0.887) is 
comparable (1.6% different). With vacuum treatment, the 
density at the finishing point (0.919) was increased 2% in the 
water soluble protein and (0.917) 3% in the salt soluble pro­
tein. It might be assumed that the amount of air inter­
ference during emulsification for water soluble protein and 
salt soluble protein was comparable and the air reduction 
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from vacuum treatment was the same for both proteins. Protein 
area being saved by the vacuum treatment is a much lower per­
centage for salt soluble protein than for water soluble 
protein. So, it may be concluded that the interference 
of air bubbles would be more critical in the water soluble 
protein and the reduction of such interference would result 
in a more pronounced effect in water soluble protein than salt 
soluble protein. That is, a 2% increase in density of the 
water extract emulsion improved emulsifying capacity 36%, 
while a 3% increase in density of the salt extract emulsion 
improved emulsifying capacity 11%. Also, the improvement 
of mixed protein (phosphate extract) was intermediate be­
tween water soluble protein and salt soluble protein, i.e., 
24% improvement. This phenomenon may be explained in the 
same manner as above. 
Emulsion stability 
The test of emulsion stability was designed to repre­
sent the same conditions as that of actual stress in 
sausage processing. The emulsion was subjected to heating 
for 30 min. at 70°C. Centrifugation at low speed was done 
to accomplish a better phase separation. As a result, 
after centrifuging, two phases had been separated, an 
aqueous phase at the bottom and a cream phase on the top 
of the tube. The stability of the emulsion was expressed as 
86 
the percentage of aqueous phase bound in the cream phase. 
The comparison of mean values of emulsion stability be­
tween pork and beef among extracts are presented in Table 
9. The ability of protein in stabilizing the emulsion is 
as follows; 43.16% and 45.77% in pork and beef for the 
water extract, 34.41% and 34.73% in pork and beef for the 
phosphate extract, and 45.29% and 46.89% in pork and beef 
for the salt extract. However, percent stability for 
pork and beef does not show any significant difference 
(P<0.05) between them. The comparison of emulsion durability 
among extracts shows an inferior stability for the emulsion 
made from phosphate extract (myosin). The water and salt 
soluble proteins did not differ significantly. Both were 
higher in stability than the phosphate extract. This is a 
partial contradiction to Hegarty who reported superior 
stability for actomyosin and myosin at various pH levels. 
However, at pH 5.6-5.8, which is normal for fresh meat, 
Hegarty also reported superior stability by the sacro-
plasmic fraction. A possible explanation may be the dif­
ferent methodology used. Their relative stability 
was determined by storing emulsions at room temperature and 
noting the degree of fat separation. However, Neelakanlan 
—^ and Froning (1971) reported a high emulsion stability for 
\2> 
sarcoplasmic protein and actomyosin whereas myosin lacked 
stability when compared to the other fractions. Their 
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1 2 Table 9. Emulsion stability ' among extracts compared 
between pork and beef 
Pork Beef 
Water extract 43. ,16a 45. 77a 
Phosphate extract 34. ,41b 34. ,73b 
Salt extract 45, 29a 46. .89a 
SEM^ 3, .486 3, .486 
^Emulsion stability expressed as % of aqueous phase 
bound in the emulsion after subjected to severe treatment. 
2 
Means in the same row and column not followed by the 
same letter are significantly different (P<0.05). 
^SEM - standard error of mean. 
12 3 
Table 10. Emulsion stability ' ' compared among extracts 
oil to water ratio 
0.8 1.6 2.4 
Water extract 33.31a 56.28b 43.79c I I 
Phosphate extract 22.94d 41.25ac 39.52ae 
Salt extract 32.64a 58.41b 46.77c 
^Emulsion stability expressed as % of aqueous phase 
bound in the emulsion after subjected to severe treatment. 
2 
Means in the same row and column not followed by the 
same letter are significantly different (P<0.05). 
3 
SEM - standard error mean = 3.019. 
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methodology used Babcock bottles and involved heating the 
emulsion sample for 15 min. in a 77°C water bath followed by 
centrifuging for 15 min. 
The emulsion stability at 3 levels of oil to water 
ratio (0.8, 1.6 and 2.4) from 3 extracts are presented in 
Table 10. It may be noted that the oil to water ratio at 
the emulsion break point of the water extract is 2.19, which 
happened to be lower than the oil to water ratio of 2.4 as 
designed to use in the stability study. This oil level 
exceeds the emulsifying capacity of the water soluble protein. 
However, at a 2.4 oil to water ratio, the stability of the 
water extract, with the added oil level exceeding the emul­
sion break point, still shows a higher value than the 
phosphate extract which has the oil to water ratio of 2.9 at 
the emulsion break point. This should not be a surprise, 
since the emulsifying capacity does not necessarily relate 
to the emulsion stability, as stated by Borton et al. (1968). 
The emulsifying capacity or oil to water ratio at the break 
point measures the maximum capability of protein for emulsi­
fying oil, while the stability value reveals the durability 
of the protein for holding the oil in the emulsion. This 
is strongly supported by the evidence shown in Table 7, 
9 and 10. The water soluble protein has a stability 
value as high as salt soluble protein but inferior 
emulsifying capacity; while phosphate extract (myosin) has 
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high emulsifying capacity but low emulsion stability. 
To elucidate the stability of the emulsion more plearly, 
Figures 5 and 6 are photomicrographs of emulsion and non-
emulsion mixtures. As proposed by many workers, protein 
appears to adsorb to the interface between oil and water 
by distributing its polar group in the polar phase (water 
phase) and nonpolar group in the nonpolar phase (oil phase). 
As a consequence of this arrangement, the interfacial protein 
irreversibly denatures and a protein film arises. This 
interfacial interaction will cause a pronounced reduction 
in interfacial tension and lowering of free energy. Bor-
chert et al. (1967) showed electron-micrographs of a meat 
emulsion where the fat globules were covered with protein 
film or membrane. However, such structure as described 
is not simple. The oil-protein-water matrix, as shown in 
Figure 5, is a concentric ring where the oil droplet locates 
at the center encircled by a protein membrane within the 
less dense zone of the continuous water phase (seen at 
X5400 magnification). These concentric systems will scatter 
as multiphases in the network of the micelle. The formation 
of such a network improves the emulsion stability by 
directly influencing the disjoining pressure and the thickness 
of aqueous lamellae. Friberg (1976) theorized that the basic 
function of protein is to stabilize the oil in water 
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emulsion by means of an electric double layer in the aqueous 
phase. It is the repulsion from this electric double layer 
that stabilizes the emulsion (0/W). When two spheres approach 
each other, the double layers begin to overlap (flocculate) 
and a repulsion potential is observed. The Van der Waals 
attraction potential shows increasingly negative values 
as the distance between the spheres is reduced, while the re­
pulsion potential is an increasing positive value. The sum­
mation of the two gives the total potential which determines 
the stability of the emulsion. For shorter distances, the 
attraction potential dominants and attraction occurs. For 
intermediate values the repulsive potential may be larger 
and a potential maximum is obtained. If this potential 
maximum is considerably larger than the thermal energy, low 
entropy will be maintained and the system is stable. The 
steps of emulsion destabilization are the approach of two oil 
droplets, flocculation of the droplets and the coalescence of 
both droplets. 
Phase separation is shown in Figure 7 and 8. In order 
to form a stable emulsion, the oil-protein-water matrices 
must be enclosed in the micelle where the free energy of the 
oil droplet is limited to the range where the potential 
maximum is large enough to overcome thermal energy. 
This matrix will also limit the movement of the lattice 
which is due to the thermal energy. However, the high entropy 
Figure 7. Photomicrograph of oil in water emulsion 
(1.5 g/liter of Oil-Red-0 dye was mixed 
in the oil prior to emulsification) 
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a) The disappearance of the micelle (X540) 
HfS 
u 
•^ <s 
b) Emulsion break down occurs in the disorganized 
matrix zone {X5,400) 
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a. The breaking of the micelle which is the sign 
of destabilization (X5,400) 
Figure 8. Photomicrograph of oil in water emulsion 
(1.5 g liter of Oil-Red-0 dye was mixed in 
the oil prior to emulsification) 
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b. Destabilized matrix in the broken micelle 
(X13,600) 
c. The spreading of emulsion destabilization 
Figure 8 (Continued) 
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Figure 8 (Continued) 
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as the consequence of thermal energy will exert pressure 
along the border line of the membrane. If the pressure is 
high enough, the micelle will break (Figures 7 and 8). The 
oil droplets are now free to move, and once they approach 
each other, flocculation followed by coalescence occurs. 
Figures 7 and 8 show widespread areas of oil coalescence 
as a consequence of breakage of the micelle. 
Another possibility that causes the phase separation 
is splitting of micelles at the border line. This is 
shown in Figure 8 and the explanation is the same as above. 
Table 10 presents the response of emulsion stability 
as the level of oil increases. Three levels .of oil to 
water ratio (0.8, 1.6, 2.4) show the highest stability at a 
1.6 oil to water ratio. A 0.8 oil to water ratio has 
higher stability than the ratio of 2.4 (Table 10). The in­
fluence oti emulsion stability by the increase of oil level 
is shown in Figure 9. Haq et al. (1973b) also reported 
the stability of cooked emulsions increased significantly 
as the fat content was increased from 15 to 50%. 
Increasing oil addition and rate of shear was 
associated with decreasing particle size which results in 
increasing number or density of oil droplets in the matrix, 
consequently viscosity increases. As emulsion viscosity 
increases, the stability also increases. Since the dispersed 
fat particles are less dense than the continuous aqueous 
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Figure 9. Emulsion stability 
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phase, they tend to float to the surface. Their rapid mi­
gration is opposed by the viscous nature of the emulsion. 
Therefore, as the emulsion becomes more viscous, the tendency 
toward separation decreases. Schut (1976) described the re­
lation between fat particle size and stability as: the smaller 
the particles of the dispersed phase, the more stable the emul­
sion, provided that there is sufficient emulsifying agent 
to cover all the fat particles. Contradictory data by Haq 
et al. (1973b) could not show the relationship between emulsion 
stability and viscosity. However, their results showed that 
at the break point of the emulsion, viscosity reading dropped 
sharply to a lower value. 
Table 11 presents the emulsion stability as the vacuum 
was applied to the protein extracts at different levels of 
oil. From statistical analysis, the results show no 
appreciable improvement in stability values as affected by 
vacuum emulsification. Vacuum treatment increased only 
the stability of the water extract at high added oil levels 
(2.4 oil to water ratio) while the other categories show no 
improvement. It would seem that existence or nonexistence 
of air bubbles in the emulsion does not affect the emulsion 
stability in those cases. The emulsion is highly viscous and 
incorporation of the air bubble is opposed by the viscous 
nature of the emulsion. 
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Table 11. Emulsion stability ' ' among extracts compared 
between vacuum and nonvacuum 
Oil to water ratio 
0 . 8  1.6 2.4 
Water extract 
Vacuum 
Nonvacuum 
Phosphate extract 
Vacuum 
Nonvacuum 
Salt extract 
Vacuum 
Nonvacuum 
35.37ac 54.02b 51.07ab 
31.25c 58.55b 36.51c 
25.82ac 45.41b 36.76ab 
20.07c 37.09ab 42.27b 
37.53ac 62.39b 42.12ad 
27.76c 54.42bd 51.42bd 
^Emulsion stability expressed as the % of the aqueous 
phase bound in the emulsion after subjected to stress. 
2 SEM - standard error mean = 4.269. 
3 
Means in the same row and column for each extract not 
followed by the same letter are significantly different 
(P<0.05). 
The Sausage Emulsion 
The basic sausage emulsion type product is the result 
of a process of grinding irregular meat chunks into a smaller 
size, and comminuting the ground meat with fat after the 
addition of salt, spices and water or ice. As a result of 
extensive research findings, it is known that for successful 
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and economical processing of sausage emulsions, one must 
accomplish two basic things. The first is protein extrac­
tion, and maximum utilization of the most expensive raw 
material, myosin, actin and actomyosin, in lean red meat. 
The second is the efficiency of the emulsification as shown 
by fat binding, stable emulsion formation, and other physical 
appearances. Most of the research in emulsion technology 
attempts to fulfill these goals. 
Protein extraction is accomplished by two methods, chemi­
cal and mechanical. The solubilizing efficiency of salt is 
dependent on time, temperature, quantity of salt and water 
added and on the mechanical action employed. Schut (1976) 
described similar results from the presalting of meat or 
direct salt addition to meat in the bowl chopper a short 
time before ice or water is added. Due to the relatively 
high salt concentration, a great swelling and uptake of 
the sequentially added water is obtained, which has a bene­
ficial influence on the communition of the meat. The more 
water the meat is able to take, the more it swells and the 
more mechanical disintegration will be which in turn favors 
the extractibility of protein. - Hermansson and Akesson 
(1975) explained that the addition of salt may influence 
properties of solvated proteins in different ways; by 
specific ion binding, by influencing the ionic strength and 
by changing the properties of the solvate. 
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Solomon and Schmidt (1980a,b) reported increased 
extraction of crude protein by vacuum tumbling and vacuum 
mixing of the whole muscle meat and minced meat. Their 
results showed a higher salt absorption rate and more 
crude myosin extracted in the vacuum treatment of whole 
muscle chunks. Also, a significant increase in crude protein 
extract was found in vacuum mixing of minced meat. Thus, 
the vacuum emulsification might improve the primary goal of 
more extractable protein. The report in this section was 
an attempt to find out whether the emulsification is really 
improved jLn vacuum treatment. 
Table 12 presents the proximate analysis (protein, fat 
and moisture) and fat to moisture ratio of raw sausage and 
cooked sausage which was formulated to be identical between 
Table 12. Proximate analysis values for emulsion sausage 
comparing partialiy vacuum and nonvacuum^ 
% % % Fat/moisture 
Moisture Protein Fat ratio 
Raw sausage 
Partial vacuum 55.11a 16.67b 25. 45c 0. 46 
Nonvacuum 54.91a 16.91b 25. 68c 0. 47 
SEM 0.177 0.245 0. 155 
Cooked sausage 
Partial vacuum 53.91b 17.12e 26. 04f 0. 48 
Nonvacuum 54.06b 17.06e 26. 25f 0. 49 
SEM 0,239 0.187 0. 202 
Means in the same row not followed by the same letter 
are significantly different (P<0.05). 
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the partial vacuum and nonvacuum treatment. Various charac­
teristics of the emulsion compared between the two treatments 
are presented in Table 13. Though the density of the 
partial vacuum sausage (which was prechopped with salts 
under atmospheric pressure followed by 684 mm Hg vacuum 
chopping) increases 3% from the nonvacuum sausage, the 
results show that there was no appreciable improvement in 
this process. The percent cooking loss, stability test 
(percent total separation, water separation and fat separa­
tion) and texture (which was measured by the Warner Blaztler 
shear method) are, statistically, the same in both treatments. 
On the contrary, the color values (the CIE tristimulus x, 
y and z), water holding capacity and free water of the partial 
vacuum sausage show slight inferiority to the nonvacuum 
treatment. Such slight differences might be subject to type 
I error (in which two replications on each treatments were 
performed) in the statistical analysis, where the decision 
of difference might fall in the 5% probability region (a = 
0.05) while there is 95% chance of telling no difference. 
However, this will be regarded as a preliminary search for 
the best technique for vacuum emulsification. 
With the full vacuum sausage (unless otherwise specified, 
vacuum will refer to the full vacuum product), where the 
vacuum was applied during the entire process (both prechopping 
and chopping) the qualities show a significant improvement 
103 
1 2 
Table 13. Comparison of the characteristics ' of meat 
emulsion chopped under partial vacuum and nonvacuum 
Vacuum Nonvacuum MSE 
% Cooking loss 6. 48a 6. 70a 0. 313 
Stability test 
% Total separation 4. 93a 5. 56a 0. 315 
% Water separation 4. 03a 4. 44a 0. 264 
% Fat separation 0. 90a 1. 12a 0. 095 
Warner Blaztler shear 
value (kg/mm) 0. 108 0. 110 0. 01 
Diameter 2. 404a 2. 392a 0. 009 
Color measurement 
X value 0. 352a 0. 343b 0. 001 
Y value 0. 336a 0. 333a 0. 001 
Z value 0. 293a 0. 274b 0. 003 
3 Water holding capacity 2. 06a 1. 89b 0. 027 
Free water 37. 23a 30. 16b 1. 691 
Density 0. 954a 0. 926b 0. 009 
All physical characteristics were measured with cooked 
sausage except for stability test which was done with raw 
sausage. 
Means in the same row not followed by the sdme letter 
are significantly different (P<0.05). 
3 
The ratio of total area to meat area is a relative 
measure of water holding capacity with a higher ratio 
indicating a lower relative capacity. 
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(P<0.05) over the nonvacuum process. Tables 14 and 15 pre­
sent the proximate analysis (protein, fat and moisture) and 
various responses of the vacuum process compared to the non-
vacuum one. The percent cooking loss after the smokehouse 
processing was reduced by 16% in the vacuum sausage (7.80 
and 9.32%). Also, the modified Rongey stability test im­
proved significantly (P<0.05) by 18%. Table 15 shows the 
decrease of total separation from 14.22% to 11.60% and water 
separation from 12.95% to 10.41% when the vacuum treatment 
was applied during the emulsification process. However, 
the percent fat separation in the stability test remained 
the same upon vacuum application. In addition, the color 
of the sausage, as a consequence of 40 ppm added nitrite 
was dramatically improved by the vacuum process. The 
rate of reaction of 40 ppm sodium nitrite and myo­
globin in the meat could be visually observed, as a change of 
color to the brown color of oxidized pigment, during the 
vacuum emulsification. Without vacuum treatment (nonvacuum) 
the color change after chopping could be hardly distinguished. 
Undoubtedly, the color values (CIE tristimulus values: x, y 
and z) of the sausage after cooking (Table 15) show a sig­
nificant (P<0.05) difference. There was a 12.5% difference 
in the X-value, 16.6% difference in the Y-value and 26% 
changes in the Z-value. In order to make the color 
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Table 14. Proximate analysis values for emulsion sausage 
% Moisture % Protein % Fat Fat/moisture 
ratio 
Raw sausage 
Vacuum 58.01a 13.87a 25.46a 0.44 
Nonvacuum 59.32b 12.80b 25.27a 0.43 
SEM 0.189 0.174 0.297 
Cooked sausage 
Vacuum 55.01a 15.53a 27.14a 0.49 
Nonvacuum 54.21b 16.22a 26.97b 0.49 
SEM 0.060 0.306 0.090 
Means in the same row not followed by the same letter 
are significantly different (P<0.05). 
1 2 Table 15. Comparison of the characteristic ' of meat 
emulsion between full vacuum and nonvacuum 
Vacuum Nonvacuum MSE 
% Cooking loss 
stability test 7.80a 9.32b 
% Total separation 11,60a 14.22b 
% Water separation 10.41a 12.95b 
% Fat separation 1.19a 1.27a 
Warner Blaztler 
Shear value (kg/mm) 0.105a 0.108a 
Diameter (mm) 2.17a 2.19b 
Color measurement 
X-value 0.308a 0.352b 
Y-value 0.301a 0.361b 
Z-value 0.179a 0.242b 
0.384 
0.360 
0.327 
0.058 
0.004 
0 . 0 6 2 8  
0 . 0 0 2  
0 . 0 0 2  
0.003 
All physical characteristics were measured with cooked 
sausage except for stability test which was done with raw 
sausage. 
2 
Means in the same row not followed by the same letter 
significantly different (P<0.05). 
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Table 15 (Continued) 
Vacuum Nonvacuum MSE 
Water holding 
capacity^ 2.54a 2.48a 0.078 
Free water 38.91a 36.41a 1.531 
Density 1.018a 0.954b 0.005 
The ratio of total area is a relative measure of 
water holding capacity with a higher ratio indicating a 
lower relative capacity. 
interpretation of the sausage more obvious, the CIE tristimulus 
values (x, y and z) were converted to the Hunter L, a and b 
scale which expresses color in the dimensions of lightness 
(L) , red-green (+a to -a) and yellow-blue (+b to -b) . These 
color conversion equations were provided by Hunter (1975) 
and the color values in terms of L, a and b of the sausage 
are presented in Table 16. From these values, the vacuum 
sausage reflects less light (darker), as well as more red 
and more yellow spectra than the nonvacuum sausage. So, the 
vacuum sausage has a dark red color while the nonvacuum 
sausage has a light (pale)-red color. The light reflection and 
color of vacuum and nonvacuum sausages are shown (Figure 12). Lin 
(1978) concluded from his findings that a high oxygen barrier 
film with high vacuum packaging preserved better color than a 
low oxygen barrier. Also, color development can be accomplished 
with reduced amounts of sodium nitrite (40 ppm) in a vacuum 
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non vacuum vacuum 
v.^ ï 
•m 
Figure 12. The appearance of the sausages 
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Table 16. Color of the sausage expressed in the Hunter 
scale 
Lightness 
dimension 
Red-green 
(+ to -) 
dimension 
Yellow-blue 
(+ to -) 
dimension 
Vacuum 5.47a 
Nonvacuum 6.01b 
SEM 0.008 
0.41a 
-0.05b 
0.056 
1.92a 
1.82b 
0.034 
treatment. As demonstrated by Ramsbottom et al. (1951), and 
explained by Fox (1966), elimination of oxygen essentially 
eliminates photoinduced color fading by preventing oxidation 
of dissociating nitric oxide by oxygen. So, the explanations 
of these workers might be correlated to color improvement 
in the vacuum sausage in which a significant amount of air 
(or oxygen) has been reduced (6% reduction in density). 
The air induction phenomenon during the communition 
of meat and fat in the chopper probably results from mixing 
through the action of high speed knives. This high speed 
cutter will disintegrate meat, fat and air bubbles into 
smaller particles; and the air incorporation would be the 
same as that described in the model system. As a consequence 
of emulsion formation, the viscosity of the meat batter 
increases which favors the existence of air bubbles in the 
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batter. Even in the prechopping period where salts were 
chopped with meat to solubilize the protein, the high speed 
cutter would incorporate air into the batter prior to 
emulsification. This incorporated air could hardly be 
pulled out during vacuum emulsification. The system now 
consisted of 4 phases, an aqueous phase, fat and oil phase, 
solid phase and air phase. The smaller the air bubbles, the 
greater the air surface area which implies greater oxidation 
reactions. Since the air bubbles have been incorporated inter­
fered within the oil or fat-protein-water matrix, rapid expan­
sion of the air bubble during the heating process in the 
smokehouse tends to disturb the matrix system, thereby, 
more cooking loss and higher phase separation results. 
Though the model system could explain many phenomena 
in the sausage emulsion, the stability test of the two systems 
did not agree. The stability of the emulsion in the vacuum 
and nonvacuum treatments in sausage (percent cooking loss and 
percent separations) were statistically different, however, 
no difference could be found in the model system. The 
explanation of such different results between these systems 
might be due to more complexity in the sausage emulsion 
system than the model system. The model system was composed 
of fluid which has a higher tendency for phase separation 
(oil and water) while the sausage emulsion is a solid-fluid 
mixture of water, proteins (soluble and nonsoluble), and fat 
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(fat and oil). The protein has the ability to hold water 
well and aggregate with the solid fat. During the heating 
process, protein loses some of this ability, and some of 
the fat melts into oil. With the expansion of air bubbles 
within the mass upon heating, the structure will open and 
allow more fluid to drip out. 
Warner Braztler shear values comparing both treat­
ments did not significantly (P<0.05) differ. This might 
not be a surprise, since the shear value measures the 
force required to cut through the sausage and is highest 
around the skin. The existence of air within the sausage 
has little to do with the skin formation at the surface. 
Also, the water holding capacity and free water of both 
treatments are statistically the same. This is due to the 
denaturation of the protein during cooking. 
The microscopic structure of vacuum sausage is shown 
in Figure 10, and Figure 11 represents the microstructure of 
the nonvacuum sausage. Figures lOA and B show the dif­
ference in the structure of cooked and uncooked sausage 
respectively. The difference between such structures may be 
due to the different expansion of air, fat globules and pro­
tein matrix during the heating process in the smokehouse and 
also to the different shrinkage that occurred. Though the 
Figure 10. The photomicrograph of vacuum 
sausage emulsion (X500) 
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Uncooked sausage 
Figure 11. The photomicrograph of nonvacuum sausage emulsion 
(X500) 
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m 
Uncooked sausage 
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density of both treatments, vacuum and nonvacuum sausage 
(1.018 and 0.954 gm/ml) showed different amounts of air 
present in the product, the microstructure shows little 
difference. A possible explanation might be drying of 
samples during the fixation step of the cold samples (10 li 
thickness at -30°C) to the warm slide (room temperature) 
after sectioning in the cryostat. This drying might leave 
air spaces in the samples and create the lack of difference 
between the vacuum and nonvacuum samples. 
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SUMMARY 
In the model system, the emuisification values (emulsi­
fying capacity and oil to water ratio) were determined by 
both subjective and objective methods. The subjective 
method for determining the break point of an emulsion was 
to visualize the sudden change in viscosity and the change 
of a pale pink color of the emulsion (with added Oil-Red-0) 
to a bright red. The objective measurement used electrical 
conductivity of the emulsion as measured by an Ohm meter 
circuit. Despite the difficulties associated with the 
subjective determination, the emuisification values were not 
significantly different. However, higher variation was 
associated with the subjective determination. 
The extractable proteins from beef and pork were com­
parable and the emuisification values were highest in a 
salt extract followed by phosphate buffer extract and water 
extract respectively. Vacuum emuisification resulted in 
higher values than the nonvacuum emulsification for emulsion 
capacity and oil to water ratio. The emulsifying capacity 
and oil to water ratio increased 11% in the salt extract and 
36% in the water extract from vacuum processing. The mechanism 
of improvement may be explained in terms of the reduction 
of air interference within the oil-protein-water matrix during 
emulsification. With the existence of air bubbles (as the 
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consequence of high speed blades) in the emulsion, some 
protein would be wasted in covering the air surfaces instead 
of covering the oil, and the utilization of protein is 
less efficient. The reduction of air in the vacuum treat­
ment results in proportionally more protein surface area 
available for the water soluble protein than salt soluble 
protein. Thus, vacuum treatment improves the emulsifying 
capacity of the water soluble protein (less surface area) 
more than the salt soluble protein which have a greater 
surface area. 
As the emulsion formed, photomicrographs revealed a con­
centric ring structure of oil-protein-water matrix enclosed 
in a thick membrane which formed into a micelle. The oil 
droplet located at the center of the concentric ring is covered 
with protein membrane and both are surrounded by a less dense 
continuous aqueous phase. This concentric system is organized 
by a network structure of membranes within the micelle. With 
such organization, the free energy is reduced and the po­
tential of the system is at maximum to counteract the de­
stabilizing effect of thermal energy. The electrical con­
ductivity characteristics of the emulsion consisted of 
mobilization of charged particles in the continuous aqueous 
phase around the discrete oil phase. In the stability test, 
the stability of the emulsion increased as oil addition in­
creased, until the maximum stability was obtained; then, the 
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stability decreased as more oil was added. This is due to a 
mingling of the network among the concentric structures and 
prevention of coalescence of oil droplets. As the protein 
was utilized in the network formation, oil droplets tended 
to aggregate as more oil was added and the stability de­
creased. However, stability did not improve upon vacuum 
treatment as expected from the emulsifying capacity value. 
Density of the vacuum sausage increased 6% and the 
percent cooking loss, and percent water separation was 
improved over nonvacuum sausage. The percent fat separa­
tion remained the same as the nonvacuum sausage. Also, 
the color of the vacuum sausage was a brighter and more 
red color than the nonvacuum sausage. However, caution 
must be exercised to maintain the vacuum in the chopper 
throughout the whole process. When vacuum was applied to 
just the chopping of meat and fat and not to the pre-
chopping of meat and salts, the density of the sausage was 
only 3% higher than the nonvacuum sausage and no improve­
ment could be attained in the other characteristics. 
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CONCLUSIONS 
Vacuum emulsification improved the functional properties 
of a meat emulsion. In the model system, the objective 
method, which was preferred as a method of measurement, indi­
cated a significant increase in emulsifying capacity of various 
extracts from beef and pork muscle upon vacuum treatment. This 
was theorized as due to reduction of air interference within 
the oil-protein-water matrix. Such reduction reduces the 
waste of protein surface area in covering the oil and increases 
efficiency in terms of protein surface area utilization. Salt 
soluble protein extracts showed a greater proportional increase 
in emulsifying capacity from vacuum treatment than did water 
soluble protein extracts. The stability evaluation in the 
model system, however, was the same in both vacuum and non-
vacuum emulsification. 
In the actual sausage product, the vacuum treatment with 
6% greater density than ordinary sausage (nonvacuum), had im­
proved qualities in terms of percent cooking loss, percent 
separation in the stability test and color evaluation. 
Vacuum sausage with only 3% higher density did not differ 
in such values. Therefore, in order to acquire the full 
benefit of vacuum emulsification, vacuum application 
should be maintained during the entire chopping process 
(prechopping with salts and chopping with fat). 
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